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Chapter 6 

Concentrations in 
nvironmental Media Relevant 

Human lead Exposures 

6.1 LEAD AS MULTIMEDIA POLLUTANT 

Figure 5.1 in the previous chapter presented a graphic depiction of lead as a 
substance which enters and departs multiple environmental compartments, 
multiple environmental media, with relative physical and chemical ease. 
This recognition and graphic characterization of lead as a multimedia pollut
ant is of recent vintage, dating to the 1977 U.S. EPA Air Quality Criteria for 
Lead report (U.S. EPA, 1977), the first of a series of Federal lead documents, 
and the 1980 report to the National Commission on Air Quality by Mushak 
and Schroeder (see also Chapter 25). Subsequent expert consensus treatises 
such as EPA's later Air Quality Criteria Documents for Lead (U.S. EPA, 
1986a, 2006), the U.S. CDC Statements on Childhood Lead Poisoning (U.S. 
CDC, 1985, 1991, 2005), the NAS/NRC (1980, 1993), and the WHO (1995) 
helped establish the natrne and extent of lead's multimedia behavior. 

Lead's behavior as a multimedia pollutant poses problems for human 
health risk assessment and regulatory science at several levels, a number of 
which are presented in detail in later chapters. First, it is important to estab
lish the full extent of lead exposures of human populations, especially those 
subsets of the population at elevated risk for exposure and/or harm. 
Establishing the extent of exposure mainly includes identifying and quantify
ing lead intakes and uptakes into the human body. 

A second important factor for lead as a multimedia pollutant is the recog
nized toxicokinetic and toxicological fact that all sources of lead intake and 
uptake by human populations contribute to a single, integrated internal toxi
cological exposure or "dose." It is not biologically or toxicologically 
required that a single source of lead provides all of the potentially toxic lead 
exposure, merely that it provides a measurable contribution to the total. The 
body, furthermore, does not typically preserve the chentical form of the lead 
entering the receiving compartments, for example, the gastrointestinal and 
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Lead and Public Health 

the respiratory tracts. Once absorbed, a given quantity of lead is toxic to the 
same extent, regardless of its environmental chemical or physical form. 

A third factor in assessing lead in multiple contact media and those asso
ciated lead exposures in human populations is that lead is biologically cumu
lative and is significantly cumulative over time in human populations. Lead 
is cumulative in humans principally because of its propensity to lodge in 
skeletal mineral tissue with time, growth, and age. The accumulation begins 
in childhood and continues well into adulthood (Mushak, 1993, 1998; U.S. 
EPA, 2006). However, lead is unlike methyl mercury, in that it does 
not biomagnify across species or trophic orders as one goes up the food web. 

There are two consequences for risk assessment of this potential for accu
mulation in bone. First, lead lodged in bone can be mobilized under diverse 
physiological and other stresses, e.g., pregnancy, lactation, menopause, phys
ical immobilization (Gulson eta!., 1995, 1997; Markowitz and Weinberger, 
1990; Silbergeld et a!., 1988), and it subsequently enters the bloodstream, 
producing an "endogenous" pool of lead for inducing toxic effects. 
Secondly, lead's systemic accumulation places a premium on quantification 
of lead intakes and uptakes over much of the lifetime of human populations, 
since the main bone depository for lead, cortical bone, has a half-life for 
lead release of up to several decades from that compartment (Rabinowitz 
eta!., 1976). 

This chapter examines the levels of lead in environmental media with 
which human populations interact by such means as ingestion and inhalation. 
Quantification of lead levels in media not only applies to the ongoing and 
near-term case, but also requires a depiction of the environmental lead pic
ture over population lifetimes. If lead deposited in bone 30 years ago can be 
released and produce harm, one needs to evaluate as best as possible the 
magnitude of lead intalces via various media 30 years ago. This would partic
ularly be the case in attempting predictive modeling of lead exposures that 
occurred decades ago. 

For measuring lead in environmental media providing potential human 
lead exposures, this chapter includes older published data for lead concentra
tions in media, data which are old enough to encompass the full lifetimes of 
living populations. This is because of long-term Pb storage in bone. One con
cern with any appraisal of older lead measurement data in media is that of 
analytical and statistical data reliability versus that of methods employed 
with more recent accepted techniques. Sensitivity is of particular concern. 
A potent toxicant such as environmental lead requires methods for quantifi
cation of concentrations of lead at ultra-trace levels in order to permit esti
mates of the full range of Pb exposures. 

Evolution of methodologies for measuring lead in media and associated 
statistical analysis require a brief discussion of current methods in perspec
tive. Methods have greatly improved over the years, so that one must confine 
reliance on older data to those likely to be most reliable. 
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Lead in Media Relevant to Human Lead Exposures 

6.2 SUMMARY OF SAMPLING AND LABORATORY 
ANALYTICAL METHODS FOR ENVIRONMENTAL LEAD 

Environmental media of interest in this section on measurement are the same 
those producing potential human lead exposures: ambient air, lead paints, u . . 

diet, drinking water, soils and dusts, and some of the more proble~ahc idto-
syncratic sources. Sampling and laboratory measurement techniques now 
widely used are emphasized with comparative statements for older methods 
provided mainl~ to offer perspective. Bi?ma:ker ~amplin~ an~ measurement 
methodologies, I.e., procedures for lead m biOlogical media directly relevant 
to human lead exposures, are presented in a later chapter. 

Lead has been and continues to be so pervasive in human environments 
that it poses special challenges for sampling and analysis of either environ
mental or biological lead when present in extremely small amounts. Because 
of the contamination problem, no serious attempt at reliable lead measure
ments in environmental media can be done without rigorous quality assur
ance and quality control (QNQC) protocols. For regulatory compliance with 
enforceable U.S. standards, such QA/QC steps are explicitly prescribed in 
order to have legal meaning (Code of Federal Regulations, CFR, 1982, 

40:§58). 

6.2.1 Analysis of Lead in Ambient Air 

Sampling for ambient air lead measurements is quite complex in implemen
tation and interpretation. Furthermore, that sampling complexity is arguably 
greater than it is for most other lead-containing environmental media. This 
arises partly from the nature of how human populations encounter lead in air 
and lead's fate and transport from points of emission. This section also sum
marizes some changes in sampling and methodology that have accompanied 
changes in lead emission sources. Specifically, lead from mobile sources and 
air lead analyses to quantify this source contribution have declined signifi
cantly in the last 15-20 years while stationary or point lead sources have 
increased in relative significance. The magnitude of these changes was noted 

earlier. 
Methodologies for air lead sampling and laboratory analysis are limited 

to specific reference methods officially prescribed to accommodate the fact 
that air lead analysis in the United States is directed to, among other pur
poses, compliance with an ambient air lead standard within the framework of 
State Implementation Plans (SIPs). SIPs are the regulatory and legal means 
by which the various states implement the nationally enacted ambient air 
lead standard. The details are discussed in such treatises as Chapter 4 of the 
1986 U.S. EPA Air Quality Criteria for Lead document (U.S. EPA, 1986a) 
and Chapters 2 and 3 of U.S. EPA, 2006. The required reference methods 
for legal enforcement are codified in the CFRs (CFR, 1982, 40:§58). 

' 

i 
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Three factors govern air lead sampling: (1) site selection; (2) appliances 
used for air sampling and form of lead being sampled; and (3) sample preser
vation prior to laboratory analysis. For any area's site sampling for airborne 
lead, some minimum number of sampling stations are required, depending 
on both population category and ranges of total suspended particulate (TSP). 
Air lead quantification reports, from earlier times through the present, typi
cally reported air lead concentrations based on TSP. Other criteria pollutants 
have adopted size-selective sampling techniques with an eye to focusing on 
the most readily respirable particulate forms of fhe pollutants. These require
ments mainly applied to those earlier years when the predominant contribu
tor, on the order of 90-95% of total air lead, was leaded gasoline 
combustion. 

Up to 6 to 8 air-monitoring stations were spelled out for areas with popu
lations exceeding 500,000 and where prior testings showed particulate air 
levels within fhe "high" range, tbat is, when the TSP level exceeded 20% of 
fhe TSP standard. At the other extreme, areas with populations of only 
50,000-100,000 and where fhe TSP level is less than the ambient air stan
dard require no monitoring sites (Appendix D, CPR, 1982, 40:§58). 

Ambient air lead partitions into vertical gradients, especially near mobile 
lead sources, e.g., vehicular exhaust from leaded gasoline combustion. There 
is special emphasis on those heights above source relevant to human lead 
exposures. Other specific monitor locating requirements include specifica
tions for distances from roadways (5-100 rn) and distances from obstacles 
between the monitor and the emitting source (Appendix E, CFR, 1982, 
40:§58). 

Ambient air sampling within typical regulatory and other contexts uses a 
high-volume ("hi-vol") aerosol sampler. Other collection devices may 
include filters, impactors, and irnpingers (U.S. EPA, 1971). This overall 
approach is based on the existence of lead in ambient air as largely inorganic 
particulate matter rather than in predominantly vapor form. Quantification 
using this sampler is as micrograms per cubic meter of air (feg Pb/rn3

). 

The dichotomous and impact samplers are other devices for air lead mon
itoring. The former collects particulate and segregates it into two size ranges: 
0-2.5 f'ID and 2.5 to the maximum opening of fhe intake port, typically 
10 f1ID (Loo et al., 1979). These ranges, generally conforming to fine and 
coarse particle categories, respectively, provide a close approximation to 
those particulate sizes that are relevant to respirable lead fractions and that 
fraction entering the deep pulmonary compartment. 

Impactor samplers, which permit a broader range of measurable particu
late size distributions, are constructed so that air entering at high flow rates 
encounters a series of trapping surfaces and particles are trapped based on 
size. First trapped are fhe coarsest particles followed sequentially by smaller 
and smaller fractions. The cascade samplers typically allow fractionations 
within narrow ranges, such as 0.01-0.1 fell (Dzubay et al., 1976). 
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6 Lead in Media Relevant to Human Lead Exposures 

Laboratory analysis of air lead contained on various sampler trapping 
materials typically uses reference methods, i.e., methods taken to be particu
larly reliable, that have relatively reliable track records and which have been 
codified for use to ascertain compliance with existing enforceable standards 
in the case of regulatory legal compliance testings (CFR, 1982, 40:§58). 

The approved reference method for enforcement purposes (CFR, 1982, 
40:§58) uses hi-vol samplers and measures lead by atomic absorption spec
trometry (AAS). This laboratory method, which has been available in various 
analytical configurations for several decades, has been shown to be particu
larly reliable and sensitive for measuring lead quantitatively in a large range 
of environmental media. Flameless AAS is a more sensitive variation of this 
technique than conventional flame methods and has been the choice for 
many years. As with any lead measurement method, sample handling must 
minimize both contantination with lead and loss of lead from the sample. 
Comparatively, the contamination problem is still the more problematic and 
this is certainly the case for analyses in U.S. urban areas and in other indus
trialized nations (NAS/NRC, 1993; Patterson, 1983; Settle and Patterson, 
1980). For air sample analyses, the codified reference method using AAS is 
quite adequate for a wide range of air lead concentrations. 

Other methodologies fall into the category of definitive or alternative ref
erence methodologies. The definitive method for lead, against which other 
methods are qualified for reference use, and the one employed for standard 
sample lead certification by the National Institute of Science and 
Technology (NIST), is isotope-dilution mass spectrometry (IDMS). Among 
its cardinal virtues, in addition to accuracy and precision, are sensitivity and 
applicability to many lead-containing environmental matrices. 

6.2.2 Analysis of Lead in Paint 

Lead in paint remains a major source of lead in human environments in 
terms of the U.S. national picture, and paint lead remains the dominant gen
eral lead source for humans residing in inner city, densely populated neigh
borhoods having a high fraction of deteriorated housing. Lead in paint, like 
lead in ambient air, is defined as a source of lead that works through 
pathways to provide human lead exposures. Shared pathways from these 
originating lead sources include interior and exterior dusts and yard soils. It 
is therefore appropriate to discuss this lead source with air lead and prior to 
discussions of lead analysis in pathway media such as soils, dusts, plants, 
water, and food. Paint lead also shares the characteristic of sampling com
plexity with air lead and, equally important, much of paint lead testing and 
quantification of lead in paint lies within regulatory and legal constraints that 
prescribe certain sampling and analysis protocols. Lead paint testings and 
assessments as part of risk assessment for U.S. housing and in other frame
works lie within the jurisdictions of two U.S. agencies. The principal agency 
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having oversight of lead paint-containing U.S. housing units is the U.S. 
Department of Housing and Urban Development (U.S. HUD, 1995), with the 
U.S. EPA sharing statutory mandated responsibility (U.S. EPA, 2001). 

Sampling lead-painted surfaces is prescribed for the purpose of " ... a 
surface-by-surface investigation to determine the presence of lead-based 
paint ... ," the latter being present when any measured lead paint content in 
terms of lead loading is 2::1.0 mg/cm2 or has a concentration ;::::::0.5% lead by 
weight (CFR, 2001, 40: Part 745; CFR, 1996, 24: Part 35). Two types of res
idential units are covered in these regulations, single family units and multi
family units. In the latter case, statistical formulae are used to randomly 
select a fraction of all the units broken into two categories of multiunit age 
ranges, pre-1960 or 1960-1977. This is necessary since it usually would not 
be feasible to test the entire tally of units at, for example, an apartment com
plex. Table 7.3 of U.S. HUD (1995, Ch. 7) sets forth how many units ru·e to 
be tested at a multiunit complex as a function of complex age. 

Testings of lead-painted smfaces typically begin with in situ examination 
using portable X-ray fluorescence (XRF) spectrometers that have been cali
brated and are of an acceptable type as prescribed by U.S. HUD regulations. 
There are statistical protocols that employ random sampling techniques that 
apply for either single residence or multifamily residences (U.S. HUD, 
1995). Documenting surface samplings typically includes testing forms that 
spell out both the area of a residential unit tested, such as a living room, and 
components within that area, e.g., baseboards, window sills/sashes/wells. 

A reading will produce one of three results: ( l) a level below which a 
reading is considered negative; (2) an intermediate range where the result is 
deemed inconclusive; and (3) a reading which is positive, i.e., exceeds the 
inconclusive reading. Surfaces with inconclusive readings can be also exam
ined by collecting paint chips at the same surface to determine whether the 
0.5% lead chip standard has been exceeded. 

Surfaces to be sampled are those often found to either be higher in paint 
lead content and/or within easy reach of those most likely to have exposure, 
i.e., infants and toddlers. They especially include window components-sills, 
frames/jambs, wells-easily accessible surfaces that have been commonly 
associated with lead exposures of very young children. Surfaces for testing 
besides painted areas are those that are varnished, stained, shellacked, or 
painted surfaces under wallpaper. 

Frequency or other criteria for lead paint surface testing depends on the 
purpose of the effort. U.S. HUD (1995, Ch. 7, revised 1997) spells out two 
types of lead paint measurement protocols for paint surface testing. These 
are lead paint inspection testings and risk assessments, the latter to identify 
what HUD terms lead paint "hazards." The term "risk assessment" carries a 
regulatory definition (CFR 40: Part 745, 2001) focused on lead paint hazards. 
Lead paint inspections deal with determining the presence of lead paint and 
usually test many more areas than lead paint hazard risk assessments. Both 
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of smface testing have gathering paint chips and how to collect the 
chips in their protocols, but the number of chips required is fewer with 

risk assessment. This is because the risk assessment protocol is directed 
chip sampling only in areas of deteriorated paint smfaces. In addition, as 

in more detail later, risk assessment of lead paint hazards entails lead 
dust testings and lead paint-impacted soil lead measurements. 

There are other circumstances for which one or the other of the two types 
smface testings is done. For example, collection of paint chip samples and 

laboratory testing are recommended for inaccessible or irregular surfaces that 
nl·ovide problems for XRF surface testings. In situ testing, on the other hand, 

nondestructive and does not entail paint removal from portions of smfaces. 
Sampling for lead paint using chips, however, requires that the samples rep
resent all layers of lead paint that could be present. Chips that are mainly 
surlicial- represent more recent, and usually lower lead or nonlead paint 
films. Surface delamination (broad surface peeling from poorly prepared sur
faces), for example, produces chips that do not capture the earlier history of 
the entire paint depth on the residential surfaces. Such sampling would 
potentially result in understatements of likely lead exposure of child resi
dents or visitors. The most common metric for paint chip lead measurement 
is percent by weight. To express lead content by area rather than percent by 
weight, a measured area of paint surface is typically obtained. 

Portable XRF testing is the conventional method for in situ lead paint 
testings on older painted surfaces. The XRF method records lead present in 
all layers in the painted surface via full depth penetration of the X-rays. 
Irradiated lead from X- or garmna rays produces X-rays at a characteristic 
frequency or energy and at an intensity proportional to the integrated total 
amount of lead present throughout the irradiated layers. Legally prescribed 
performance by acceptable portable XRF analyzers is specifically spelled out 
by both the U.S. HUD and U.S. EPA with the inspector's use of an XRF 
Performance Characteristic Sheet. This form describes results in the context 
of analytical findings of negative, inconclusive, or positive readings. 'Where 
readings are less than either the threshold or the lower boundary of "incon
clusive" the result is taken as negative, i.e., legally defined lead paint is 
absent. Similarly, the readings that exceed the upper boundary of the incon
clusive range are taken as positive. The XRF Performance Characteristic 
Sheet also sets forth guidelines for calibration, substrate issues and correc
tions, etc. 

Laboratory analysis of lead in paint chips should only be carried out by 
those laboratories certified for such analyses by the U.S. EPA National Lead 
Laboratory Accreditation Program (NLLAP), using approved laboratory 
methods. Use of AAS methodology, particularly in the ICP-AAS configura
tion, is the common approach. Another routine method is anodic stripping 
voltarnmetry (ASV). 
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The American Society for Testing Materials (ASTM) has provided 
dated procedures for quantification of lead in various types of paint sarnples. 
ASTM E 1645 prescribes preparation of paint lead chips for analysis 
methods ASTM E 1613, ASTM E 1775, and ASTM PS 88 are dir<ectc'd 
measurements of lead. The NIST has made paint standard reference maLterials 
(SRM) available for calibration and validation of lead paint measrrrerne1ot 
methodologies. SRM 2579 is available as a paint film while SRM 2589 con
sists of paint samples collected from interiors of various homes and prepared 
as a homogeneous powder, -100,000 ppm (10%) lead, with >99% of the 
particles being < 100 [.Cm in size. 

6.2.3 Analysis of lead in Soils 

The variety of sampling approaches for soil lead analyses is as complex as 
for lead paint. The type of sample taking for soils depends on the purpose of 
the analyses. Residential, industrial, and public area soils are often analyzed 
for regulatory, legal, risk assessment, or scientific research purposes. Soils 
may also be tested to quantify the amounts of lead present, to determine the 
source(s) of lead in the soils, and, in certain cases, to ascertain the chemical 
and physicochemical species of lead in the soils to ascertain both likely 
source and relative bioavailability of lead forms present. 

A number of methodological and statistical criteria govern the actual 
physical nature of the soil sampling. There is the matter of spatial sampling, 
where one or more surface area soil samples are collected. Collection may 
entail grab sampling, where one sample is collected, or composite sampling, 
where subsamples are gathered and combined prior to analysis. Subsamples 
may also be analyzed individually before combining to provide a composite 
value. Compositing is typically done where there is some information avail
able about the likely nature of the lead source providing the contamination 
and its distribution. That is, is the soil lead relatively uniform in distribution 
or heterogeneous, with one or more potentially troublesome "hot spots" that 
can produce human lead exposures (U.S. EPA, 1989; U.S. EPA 2008a, 
Child-Specific Exposrrre Factors Handbook)? 

Soil sampling may also entail spatially variable collection in area or ver
tical depth. For example, if one is interested in whether exterior lead paint 
has weathered and released to adjacent soils, one would collect foundation 
perimeter, i.e., "drip-line" samples. If one is interested in whether roadways 
are affecting property front soils, samples can be collected at the curb. 
A critical factor in soil sampling is depth of sampling. Soil lead arising from 
atmospheric dry and wet deposition will typically deposit on the top 1-2 em 
of soil surface. Absent other lead sources, deeper soil strata will have little 
lead content. Sample cores which are gathered well below this 1-2 ern depth 
have the potential to statistically dilute the soil lead loading with reference 
to lead exposrrre of young children who play in such soils and only come in 
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with the surface soil through typical child hand-mouth actmty. 
Agri<oullturl!l soils may require greater sampling depth or include deeper cores 
. . -nmltidepth sampling if one wishes to ascertain the sub horizon lead con
Ill in crop root zones. Such deeper samplings, in tandem with sur

testing, may also be required if Ph-impacted soils are tilled and turned 

over. 
A critical factor in soil sampling is the question of lead content as a func-

tion of soil particle size distribution. Anthropogenic lead contamination of 
soils often entails deposition of lead particulate or suspended lead from run
off entering soils (see preceding chapter). The lead content of resulting soil 
particulate forms is often inver~ely ?roportion~l to pa:ticle. size, owing to 
increasing surface to volume ratio with decreasmg partJcle size. Larger sur
face areas permit more lead binding for a given mass. A second factor is 
the variability with particle size of lead exposures for children contacting 
leaded soils (Mushak, 1991). The smaller the lead-containing soil particle, 
the higher the propensity for adhering to hands and the higher the likelihood 
of sticking to clothing, shoes, etc. for transport indoors and later potential 
ingestion (see later chapters). 

Bulk soil samples which have not been sieved into different size fractions 
have the potential to underestimate lead content relative to those smaller par
ticle fractions which have the higher lead exposure potentiaL That is, larger 
particles will have lower lead content but may contribute substantially to 
sample mass. Other mass determination concerns include the need to exclude 
large-sized detritus and organic matter, since the latter contributes to sample 
mass but has questionable relevance as a lead exposure medium. 

There are a variety of field and laboratory analytical methods for soil lead 
measurement, depending on the type of analysis and its purposes in a given 
evaluation. Bulk soil lead measurement refers to measurement of the total 
lead content of the soil sample. Chemical speciation and micromineralogical 
studies in the context of human lead exposure variability refer to amounts of 
specific chemical forms of lead and their geochemical states. These studies 
are sometimes done in tandem with relative bioavailability testings, i.e., 
amounts of lead being absorbed under in vivo or in vitro simulation of in vivo 
conditions (Casteel et aL, 2006) with respect to Pb source attribution. 
Stable isotopic analysis studies deal with the quantitative stratification of 
lead's stable isotopic composition into the four main stable isotopes: lead-
204, lead-206, lead-207, and lead-208 (Gulson eta!., 1995, 1997). 

Field measurement of bulk soil lead by XRF instruments will typically 
require confirmation analysis through some randomly selected subset of fur
ther testing by some reference technique in the laboratory: AAS, inductively 
coupled plasma-atomic emission spectroscopy (ICP-AES), or ICP-mass spec
trometry (ICP-MS). Other methods are electrochemical in nature, such as 
ASV and differential pulse polarography. Many soil samples are processed 
and analyzed directly in the laboratory. 
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Detection limits for lead in soil matrices have markedly improved over 
the last several decades owing to improvements in the signal detection sys
tems, e.g., charge-coupled devices in place of photomultiplier tubes. 

U.S. EPA (2001) holds ICP-AES or ICP-MS to be the soil lead measure
ment methods of choice. Detection limits are on the order of 40 parts per bil
lion (ppb) which are quite adequate for an enviromuental medium where 
even background, i.e., uncontaminated soil lead, concentrations are on the 
order of 10-20 ppm. 

A number of soil-derived SRMs are available for QA/QC use in the quan
titative analysis of lead in soils. The SRM numbers, their corresponding 
matrix type and lead level (mg/kg, ppm) are 2709, soil, 18.9; 2710, soil, 
5532; 2711, soil, ll62; 2586, soil (paint), 432; 2587, and soil (paint) 3242. 

Analytical speciation methods, referred to earlier, generally differ from 
the methods adequate for bulk quantification of lead. As with bulk methods, 
nonetheless, contaminating levels should not be pennitted in interfering 
amounts. Several lead speciation approaches are X-ray absorption spectrome
try, X-ray diffraction, and electron-microprobe microanalyses (U.S. EPA, 
2006; Welter et al., 1999). 

6.2.4 Analysis of Lead in Dusts 

Dust lead arises through transport mechanisms for lead in originating sources, 
typically lead in paint (Lanphear et al., 1996) and/or ambient air lead depos
ited onto various surfaces (Adgate et al., 1998). Ambient air lead from both 
mobile and stationary sources produces interior dust lead (U.S. EPA, 1986a, 
Ch. 7). Interior dust lead from these input media is of particular concern for 
childhood lead exposures. Exterior dust lead may also elevate lead exposures 
from outside toys, play sets, etc. Dust lead can arise from soil lead, which is 
an environmental medium pathway that receives lead via wet and dry deposi
tion from atmospheric lead or exterior lead paints weathering onto adjacent 
soils (von Lindern et al., 2003a). A fourth generator of interior dust lead is 
clothing, shoes, etc. of family members or others who work in leaded settings 
including battery production and lead secondary smelting and wear their 
work clothes home. This is termed secondary or "take-home" lead exposure. 

Dust sampling for lead uses two different metrics: lead concentration or 
lead loadings. Each method has its advantages and drawbacks. Determining 
lead concentrations in dusts typically requires a gravimetric approach, where 
the mass of lead in collected dusts is quantified from the mass of total dust 
amounts. Dust lead loadings are done by collecting leaded dusts within a pre
determined surface area, e.g., per square meter or per square foot. The lead 
concentration is influenced by the presence of nonlead materials and house
keeping efficiency differences from site to site. Lead loading per unit area is 
not affected in this manner (see, e.g., Milar and Mushak, 1982; U.S. EPA, 
2001). In addition, leaded dust regulatory standards are currently expressed 
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loadings per square foot. However, expressing lead content as a loading 
unit area makes it difficult to draw comparisons with lead in diverse 

media where concentration is expressed, and it is relatively difficult to 
lead dust loading for lead exposure modeling of human exposure popula

(Leggett, 1993; Mushak, 1998; O'Flaherty, 1998). 
Surface or media sampling for dust lead is as complex as it is for lead 

owing to the number of sampling variables. Dust by its nature is rela
variable mass-wise as a lead-bearing environmental medium compared 

lead in paint or lead in soil. For example, the amount of dust accumulation 
lead accumulation in dusts is significantly affected by the residence times 
the dusts. Housekeeping practices will affect dust sampling measurements 

· a given horne and between homes for samplings of dusts in active 
contact areas. Smfaces that are relatively undisturbed over extended periods 

time-in attics, basements, inaccessible living area surfaces-provide a 
'··-~"' lead accumulation record than areas routinely cleaned. 

Other parameters have to do with the purposes of the dust sampling, 
especially of residential unit exteriors. Dust wipe sampling procedures as 

of lead-abatement guidelines or requirements of the U.S. EPA (2001) 
and U.S. HUD (1995, 1999) are explicitly prescribed. Regulatory lead dust 
testing to indicate current levels of lead contamination for purposes of 
human health risk assessment or for setting cleanup levels at Superfund and 

contaminated sites are similarly prescribed (von Lindern et al., 2003b). 
Research projects dealing with dust lead measurements, by contrast, are not 

constrained by regulation as by requirements of the study, for example, 
.>dlete,rmimtticm of dust lead loadings versus dust lead concentrations. 

Interior paint lead dusts to be sampled in the context of regulatory 
n'quirements for either carrying out lead paint hazard risk assessment or for 
determining the efficacy of lead paint abatement or interim controls are 
described in such treatises as the 1995 U.S. HUD guidelines for lead paint. 

lead sampling inside residences with leaded paint surfaces is best done 
in areas commonly contacted by young children, especially infants and tad

These include play areas within rooms, high-traffic commons areas 
such as hallways, or, particularly important, surfaces beneath windows and 
wi11dow components with leaded paint. Especially problematic for lead expo

are those windows that are frequently opened and closed, and that 
children frequently contact. 

As set forth in U.S. HUD (1995), dust sampling by use of surface wipes 
preferred on the basis of ease of use, relative cost, and a generally favor

performance record for routine samplings. For example, children's 
lead levels and dust wipe lead content in the same units are well corre
(Farfel et al., 1994; Lanphear et a!., 1995). Certain vacuum collection 

ap]Jroacl1es can also be used with trained operators in research studies. 
.1Vfetlsuring dust lead loading from hard smiaces is more reliable than from 
comf'lex surfaces such as upholstery or carpeting (Ewers eta!., 1994). 
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One can collect dust samples as grab samples or through compositing. In 
the latter case, at least three subsamples for a composite are recommended 
where surfaces are relatively similar. Single, grab wipe sampling should be 
done where a particular surface is not similar to others or where surface dete
rioration is quite pronounced. That is, it is a surface producing a "hot spot" 
dust lead location. Compositing, furthermore, should be component- and 
area-specific. Bare floor samplings should not be combined with carpeted 
surface collections. Baseboard wipes should not be combined with window 
sill/trough wipes, etc. Multiple surface wipings with the same wipe should 
never be done. Each surface should use a new wipe each time. 
Recommended testing areas in residences occupied by children would 
include principal playroom, kitchen, bedroom of the youngest child, and bed
room of the second youngest. Dust sampling for multiunit residences 
expands on the above protocol for single units mainly in adding several com
mon area samples. 

Dust sampling for evaluation of residences as part of hazardous waste 
site evaluations as occur in Superlund activities entails determination of dust 
lead concentration, usually by vacuum collection through use of vacuum 
cleaners (von Lindern et a!., 2003b) or, preferably, filter collection units 
attached to vacuum sources. 

Laboratory analysis of dust samples employs methods similar to those for 
measuring lead in soils. However, the total amounts of dust mass sampled 
for analysis are typically much lower than for soil lead, where soil typically 
is available in large amounts and sample mass is not problematic. Dust lead 
levels, on the other hand, tend to track higher at a given testing site than 
associated soil lead levels. On balance, a more sensitive measurement 
method is desirable. Flameless AAS and ICP-MS provide both the sensitivity 
and specificity for acceptable dust lead bulk measurements. Speciation of 
lead in dusts generaJly employs methodology similar to that for lead specia
tion in soils (see earlier). 

There are three SRMs that are available from NIST for QA/QC assess
ment in the laboratory for dust lead measurements (SRM #, matrix, and lead 
level, ppm): 1649a, urban dust, 12,400; 2583, indoor dust, 85.9; 2584, indoor 
dust, 9,761. 

6.2.5 Analysis of lead in Diets 

Sampling and analysis of lead in diets of human populations require taking 
account of some characteristics of lead in human diets. First, any given die
tary item will have relatively low amounts of lead but the amounts consumed 
daily can lead to relatively high total lead intakes. Second, while human 
populations all receive some fraction of their lead exposures from their diets, 
the size of the fractional intakes and uptakes of lead from diet will vary with 
such factors as the subset of the population, the amount of the centralized 
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local food supplies, dietary lead content over time, etc. Adults have a 

tlif:fen,nt dietary pattern than school-age children, and school-age children 

a different dietary mix than early infants. 

Third, populations in industrialized countries, particularly the United 

receive food through a largely centralized food distribution system 

simplit1es somewhat food staple sampling protocols on a population 

national basis. However, there are exceptions such as those who grow and 

oor<Smme their own garden crops or purchase from local farmers' markets. 

residents are more apt to have a higher fraction of local foods than 

residenLtS of large cities. 

Lead in diets presents potential exposures for humans in a myriad of 

and through complex pathways. Individuals in the United States largely 

on a centralized food distribution system but the huge diversity of com

of that food system and diversity of food consumption patterns 

communities and individuals make quantification of dietary lead 

;eJ<jposure a special challenge. An added factor is time. The relative contribu-

of dietary lead to total lead intakes for human populations, especially in 

States, has markedly changed over time. This means that tabula

of dietary lead levels given later in this chapter have to take account of 

overall change. Lead intakes also differ over time as a result of changes 

dietary patterns for reasons including concerns over relative health value 

particular dietary components, e.g., avoiding obesity and associated 

Sampling methods for determining dietary lead levels range from specific 

dietary lead intakes of indi victuals at the one 

"'-brerr1e--to national or international evaluations of the central food supply. 

(iialal-(Jorch<'V (1991) described the international dietary lead surveys done 

1980-1988 period under the auspices of the United Nations 

Env'irornnental Program's (UNEP's) Global Enviromnental Monitoring 

(GEMS-Food, 1991). Galal-Gorchev reported lead level results for 

~5coumtries in the GEMS-Food effort, including those for the United States. 

samplings are mainly focused on adults in the population, with less 

!\tenticm paid to children's dietary lead intakes across countries. However, 

does tabulate the GEMS-Food network's results for lead 

of children up to 12 years of age for 13 countries. 

U.S. dietary lead picture has been evaluated by the U.S. Food and 

Administration (FDA) with varying intensity since the early 1960s, 

in the form of the Total Diet Study (TDS). The TDS evaluates nutri-

pesticides, and other environmental contaminants in the U.S. food sup

a history of the TDS, see Adams (1991). Since the early 1980s, lead 

has been reported annually through the market-basket approach under 

aegis of the TDS program (Bolger et al., 1991; Pennington, 1983; 

'e~~~~,;~::,an~ d Gunderson, 1987). Currently, the TDS approach categorizes 

ill U.S. diets through eight age-sex groups gathered from four 
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geographic areas of the country and for 12 commodity groups. The 234 sub
groups within the 12 commodity groups in turn represent up to 5,000 differ
ent foods (Adams, 1991). The TDS approach also relies on data from the 
U.S. Department of Agriculture's (USDA's) National Food Consumption 
Survey (NFCS) for both selection of food types and translation of data for 
lead in diet components into daily dietary lead intakes (Adams, 1991). 

Determining lead intakes and exposures for individuals as part of some 
research purpose will require not general but specific lead intakes. Pao 
(1989) described four sampling methods for individual dietary assessments, 
whatever the substances being measured. Two were retrospective in nature 
and include the recall of past food intake over the last 24 hours or some 
other time interval and the recall of past usual intake as might be recapitu~ 
lated in a dietary history. The remaining two were prospective, involving an 
ongoing record of dietary intake of food components or using duplicate diet 
food intakes. Of these, the 24-hour food recall is probably the approach 
which serves for current intakes of dietary lead in either large groups being 
studied or those for whom the other approaches would not be feasible. 

Lead in diet occurs at lower concentrations than in a number of other 
media, e.g., soils and dusts. Measurement methods therefore require high 
sensitivity for detection. Lead levels were originally measured by conven~ 
tiona! AAS, but now there is more use of bulk sample ashing and Flameless 
AAS. Capar (1991) described a food lead quantitation limit of 20 ppb. 

6.2.6 Analysis of Lead in Drinking Water 

Transport of deposited ambient air and soil lead to surface water and ground
water was described in the previous chapter. This chapter is principally con
cerned -with these waters to the extent they serve as drinking water sources 
for human populations. Human populations typically get their drinking water 
from individual wells in mral areas or through public water supply distribu
tion systems in suburban and urban locales. Neither well water aquifers nor 
surface water supplies, e.g., reservoirs, are significant sources of those 
amounts of lead that enter residential or public tap water. Rather, the distri
bution system and/or residential/public site tap water plumbing systems are 
the main sources adding lead to the water. Of these two components of the 
tap water chain of distribution, household plumbing with leaded connections 
or fittings is more often the culprit. 

Tap water lead is regulated by the U.S. EPA through an action level for 
the part of the system water in household plumbing and a regulatory maxi
mum contaminant level (MCL) that applies to water leaving water treatment 
plants. The former is a level of 15 ppb for no more than 10% of cumulatively 
sampled water testings in a community and the enforceable MCL is 5 ppb. 
The 1991 EPA lead and copper drinking water rule spells out details for tap 
water sampling (42 USC §300f; 40 CFR Part 141). 



Lead and Public Health 

md for 12 commodity groups. The 234 sub

groups in turn represent up to 5,000 differ

~DS approach also relies on data from the 

's (USDA's) National Food Consumption 

n of food types and translation of data for 

v dietary lead intakes (Adams, 1991). 

l exposures for indi victuals as part of some 

tot general but specific lead intakes. Pao 

methods for individual dietary assessments, 

1easured. Two were retrospective in nahlre 

)Od intalce over the last 24 hours or some 

1 of past usual intake as ntight be recapitu

maining two were prospective, involving an 

of food components or using duplicate diet 

hour food recall is probably the approach 

of dietary lead in either large groups being 

1er approaches would not be feasible. 

· concentrations than in a number of other 

=asurement methods therefore require high 

=vels were originally measured by conven-

1re use of bulk sample ashing and Flarneless 

ood lead quantitation limit of 20 ppb. 

·inking Water 

ir and soil lead to surface water and ground

ous chapter. This chapter is principally con

extent they serve as drinking water sources 

lopulations typically get their drinking water 

eas or through public water supply distribu

ban locales. Neither well water aquifers nor 

~servoirs, are significant sources of those 

~ntial or public tap water. Rather, the distri

lpublic site tap water plumbing systems are 

the water. Of these two components of the 

10usehold plumbing with leaded connections 

rit. 
JY the U.S. EPA through an action level for 

household plumbing and a regulatory maxi

that applies to water leaving water treatment 

5 ppb for no more than 10% of cumulatively 

1munity and the enforceable MCL is 5 ppb. 

drinking water rule spells out details for tap 

40 CPR Part 141). 

Lead in Media Relevant to Human Lead Exposures 

1n general, two types of water samples may be gathered, standing tap 

and flushed samples. The former allows evaluation of the lead level in 

tap water that comes from both household plumbing leaching and lead in 

water from the distribution system. The latter provides both the distribution 

contribution to tap water lead and, by difference from the stagnant sampling 

prc,toc:ol, individual household-specific plumbing contributions. 

Lead in tap water can occur in either fully soluble form or a mixture of 

; S<Jlnlble and pm1icle-bound, suspended lead. If filtered san1ples are used, the 

in the insoluble fraction is not accounted for although it can contribute 

lead exposures. The latter is of relatively more significance for individual 

or community wells than for water being distributed from public treatment 

•>u•JllllL" in -relatively high-population communities. However, fine particles of 

soldering in household plumbing in suburban and urban areas can con

• ,..;hnte to water lead intakes and need attention. In regulatory assessments, 

as Superfund risk assessment, total tap water lead, i.e., use of unfiltered 

sanrple><, is recommended (U.S. EPA, 1989). 

6.3 CONCENTRATIONS OF LEAD IN ENVIRONMENTAL 

MEDIA PRODUCING EXPOSURES 

<l"ead-c:ontarnin,at<'d environmental media differ in their relative significance 

human lead exposures. The first difference is who among human popula

are exposed to the Pb in the matrix. Dust and soil lead concentrations 

highly significant for lead exposures of young children, especially infants 

toddlers as discussed in the following chapter. Nonoccupational adult 

'exprlSures mainly involve lead in air and diet. In some cases, both children 

adults may sustain drinking water lead exposures. Workers are exposed 

workplace lead in facilities such as lead smelters and lead-acid battery 

O!len<ticms through both inhalation and ingestion, the latter through contact 

settled lead dusts. Occupational exposures are not addressed per se in 

monograph and are mainly noted in the context of secondary or "take

lead exposure of workers' families, especially their young children. 

type of lead contact occurs through workplace dusts brought home on 

... cl•othiing,, shoes, work items, etc. 

A second significant factor concerns both the relative amounts of envi

::~~~~::~, media contamination from lead and the relative amounts of the 

··,::: contacted by exposed populations. Both lead intake scenarios can be 

:iirLDO•rtarrt. as seen in the next chapter on human exposures. A third broad 

characteristic' has to do with the physical, chemical, physicochentical, a11d 

,,geoclrerrric,,l nature of the element present in some medium. These character

affect the extent to which lead levels in some medium are absorbed 

the bloodstream. 
Lead-containing environmental media and lead concentrations in the 

are mainly presented and tabulated in this chapter for ambient air 
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lead, soil lead, interior and exterior dust lead, dietary lead, and lead 
water. Lead levels in other, idiosyncratic sources of lead are provided 
in brief summary. 

Concentrations of lead in the various environmental media descr·ib,,d 
this section are presented for extended periods. The available data that meet 
minimal statistical and measurement criteria generally only extend from the 
late 1960s/early 1970s to the present. The purposes of a wide temporal look 
at environmental lead concentrations are several. First, the nature of lead as 
an accumulating contaminant in the bodies of human populations requires an 
appreciation of the amounts of environmental lead that existed in past dec
ades. As noted earlier, lead levels in media have been changing, mainly 
downward, so that current human body lead burdens are only partially quan
tifiable from current lead intakes into body compartments. Secondly, the use 
of predictive, biokinetic models of human lead exposures for simulating life
time lead exposures requires knowledge of lead intakes from the earliest per
iods of life. 

6.3.1 Concentrations of lead in Ambient Air 

Prehistoric/Natural Levels in Ambient Air 

Prehistoric or "natural" global levels of lead in ambient air are not cunently 
measureable. Only projected estimates of early concentrations can be done. 
One approach has been to assume that prehistoric levels approximate lead 
levels measured in the most remote areas of the world using scrupulously 
rigorous methodologies for both sampling and measurement (see Table 6.7). 
Maenhaut et al. (1979) measured a value of 7.6 X 10-5 ["g/m3 at the South 
Pole, while Settle and Patterson (1982) recorded an Eniwetok atoll level of 
1.7 X 10-4 ["g/m3 and a similar value of 1.5 X 10-4 ["g/m3 was recorded by 
Davidson et al. (1981) at a Greenland site. A second approach, that of 
Nriagu (1979) and Settle and Patterson (1980), entailed calculations of air Pb 
levels derived from estimating natural global emissions and dispersion of the 
emissions into selected tropospheric volumes, and assuming a residence time 
of 10 days. The two corresponding estimates are 2.6 X 10-4 ["g Pb/m3 

(Nriagu, 1979) and 2.1 X 10-5 fig Pb/m3 

The U.S. EPA, in its 1986 Air Quality Criteria for Lead document, 
selected the figure of 5 X 10-5 fig Pb/m3 as the most reasonable depiction of 
the various estimating outcomes for purposes of subsequently calculating a 
background air lead value. 

Ambient Air Pb Levels in the Modern Era 

Ambient air Pb levels in the United States or elsewhere were not recorded or 
reported in any systematic way until the late 1950s. The establishment of the 
National Air Surveillance Network (NASN) in the United States was typical 
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such efforts. By the late 1970s, the NASN sites numbered 300 urban and 
nonurban monitoring units. Since then, the numbers have declined with 
phasing out of lead additives in gasoline (see later). However, other U.S. 

~urv<@:an<:e networks have been established and remain operational mainly 
.throrigh the U.S. EPA. These current networks measure different characteris

of ambient air Pb. 
The total suspended particulate (TSP) measuring networks, managed by 

and state agencies, currently numbering about 250 sites, measure lead 
official Federal methods ( 40 CFR: Part 40, Appendix G) in particulate 

sized up to 30 ~m. The retention of the TSP networks is driven by the 
re>gulat<Jry structure of the previous and current ambient air lead primary and 

standards. Locations of these sites are depicted in U.S. EPA 

' VIJUO, Ch. 3). 
Beginning in 2000, the Speciation Trends Network (STN) operated to 

Cqu:ant:ify the lead content of particulate matter 2.5 ~= or less (PM2.5). Active 
sites, as of this writing, number about 50 and look at long-term trends 
United States. These are augmented with 150 additional sites (U.S. 

2006, Ch. 3). These STN sites are principally oriented toward urban 

The remaining two U.S. networks are the Interagency Monitoring of 
'rotected Invisible Enviromnents (IMPROVE) system and the National Air 
"'·-·'·'0 Trends Stations (NA TIS). The IMPROVE network, as the label implies, 

with lead and other contaminants in rural areas measured in the PM2.5 

Cl'ractiion. The National Park Service manages the principalllO rural IMPROVE 
with shared management through other parties for 80 more sites that are a 
of urban and rural. The NATTS network is the newest of the group of net

coming on stream in 2004, and is a set of 23 sites for urban and some 
areas. Lead measurement is confined to particle sizes of 10 f-Lm or less. 

The earliest U.S. data gathering, before 1966, had problematic results 
accordinLgto the U.S. EPA (1977). Because of that fmding, data recorded in 

chapter begin with reports for 1966. Concerns about earlier data included 
such as analytical inadequacy, statistical design problems, and sam-

issues. Similar concerns about reliability of earlier air lead data else
in the world limited international monitoring in general. As described 
adequate and sensitive air particulate sampling and laboratory mea

:.sm·ement methods were still in development. 
Three periods are covered in tabulating U.S. ambient air lead levels: 

1975-1984, and 1985 to the present. The first interval captures 
increase and peak in air lead from mobile (leaded gasoline use) and sta

ti\marv (e.g., industrial, fossil fuel, and waste combustion) facilities. The sec
period overlaps the regulatory phasing down period for lead emissions 

the air, while the final period of 1985 to the present represents the current 
for air lead levels. As noted earlier, inclusion of earlier periods with 

much higher atmospheric lead burdens is intended to help quantify 
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TABLE 6.1 Percentage of NASN Stations Reporting Urban Air lead Data 
at Indicated Air lead (j..tg Pb/m3

) lntervalsa,b 

Air Pb Interval (f-Lg/m 3) 

Year <0.5 0.5-0.99 1.0-1.9 2.0-3.9 4.0-5.3 

1966 9 42 42 6 

1967 3 32 55 7 

1968 9 45 36 6 

1969 2 25 57 12 

1970 5 33 50 9 

1971 21 58 19 

1972 9 37 47 7 0 
1973 15 55 26 3 

1974 15 53 29 3 0 

1966-1974 (Mean) 8 .18 45 8 

a Adapted from U.S. EPA (1977, Ch. 7). 

bPercentages of reporting stations within the air Pb intervals indicated sum to approximately 
100%. 

estimates for atmospheric lead inputs to long-lived reservoirs of anthropo
genic lead-soils, dusts, sediments-and to assist in modeling lifetime lead 
exposures in older populations exposed to those earlier levels. The topic of 
cumulative lead exposures of human populations in developed, industrialized 
societies is developed later in this text (Mushak and Mushak, 2000). 

Table 6.1 provides a useful distribution tally of urban NASN stations 
reporting U.S. urban air lead ranges (!lgim3

) within the indicated intervals 
and over the period 1966-1974. The figures are adapted from U.S. EPA 
(1977, Ch. 7). 

As expected in this period of peak leaded gasoline use and heavy emis
sions from stationary sources such as smelters, the highest air lead readings 
occur for the intervals representing traffic densities and/or stationary site 
emissions. The two highest air lead ranges largely capture areas of 
point source lead emissions, with the highest air lead range covering one 
emission site. 

Table 6.1 shows that the highest percentage of stations reporting within 
the air lead range 0.50-0.99 11g/m3

• 55%. occurred in 1973. The highest per
centage, 57%. of all NASN monitoring sites for the next highest air lead 
interval of 1.0-1.9 11gim

3 
was reported in I 969. For the next highest air lead 
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iN Stations Reporting Urban Air Lead Data 
n 3) lntervalsa,b 

Air Pb Interval (I-Lg/m 3
) 

0.5-0.99 1.0-1.9 2.0-3.9 

42 42 6 

32 55 7 

45 36 6 

25 57 12 

33 50 9 

21 58 19 

37 47 7 0 

55 26 3 

53 29 3 0 

38 45 8 

1 the air Pb intervals indicated sum to approximately 

inputs to long-lived reservoirs of anthropo
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TABLE 6.2 Percentage of Nonurban NASN Stations Reporting Air Lead 

Data at Indicated Air Lead (1-Lg Pb/m3
) lntervalsa,b 

Air lead Interval (11g/m3
) 

<0.03 0.03-0.099 0.10-0.19 0.20-0.45 

52 32 16 

35 50 10 

5 75 20 

52 43 5 

1970-1971 70 30 

29 12 26 33 

39 31 26 4 

19 31 38 12 

1966-1974 15 36 35 14 

JAdapted from U.S. EPA (1977, Ch. 7). 
!:!Number of reporting NASN stations varies across the air Pb intervals. 

range, 2.0-3.9!lg/m3
, the highest percentage, 19%, occurred in 1971. For 

the time period 1966-1974, the average percentage distribution of reporting 
for the ranges <0.5, 0.5-0.99, 1.0-1.9, 2.0-3.9, and 4.0-5.3;tg/m3 

8%, 38%, 45%, 8%, and I% respectively. The highest percentage, 
45%, was reported in the air lead range of l.0-1.9!lg/m3

, followed closely 
by 38% for the range 0.5-0.99!lg/m3 Combined, 83% of all stations 
reported air Pb in the range 0.5-1.9 llg/m3 

Analogous percentage distribution calculations for reporting NASN sta
in nonurban areas are presented in Table 6.2. Air Pb levels in the two 

higher ranges of 0.03-0.099 and 0.10-0.19!lg/m3 account for the majority 
of the reporting site levels up to about 1971, followed by a decline in later 

The highest percentage of reporting stations were generally for air Pb 
0.030-0.099 ~g/m3 followed by the range of 0.10-0.19!lg/m3 For 

years 1966-1974, the average percentages of sites reporting various air 
ranges showed 36% and 35% for the intervals 0.030-0.099 and 

0.10-0.19;tg/m3 

Table 6.3 presents additional data on the descriptive statistics for U.S. 
urban air lead measured quarterly in the 1970-1974 time frame in the form 
of means, maxima, and percentile distributions of air lead concentrations. 
Both mithmetic (1.19, 1.23, 1.13 ~.g/m3) and geometric (0.99, 1.00, 0.03 llg/m3

) 

were similarly elevated from 1970 to 1972, respectively, followed 
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TABLE 6.3 Mean, Percentile Distribution, and Maximum Urban Air Lead 
Quarterly Measurements from Urban Stations, 1970-1974a,b 

Arithmetic Geometric Maximum 
Percentile Distribution 

Year Mean (~g/m 3) Mean ([-Lg/m 3
) (~g/m3) 10 50 70 95 99 

1970 1.19 0.99 5.83 0.47 1.05 1.37 2.59 4.14 

1971 1.23 1.00 6.31 0.42 1.01 1.42 2.86 4.38 

1972 1.13 0.93 6.88 0.46 0.97 1.25 2.57 3.69 

1973 0.92 0.76 5.83 0.35 0.77 1.05 2.08 3.03 

1974 0.89 0.75 4.09 0.36 0.75 1.00 1.97 3.16 

a Adapted from U.S. EPA (1977, Ch. 7). 
6Number of quarterly composites varies. 

TABLE 6.4 Mean, Maximum, and Percentile Distribution of Nonurban Air 
Lead Quarterly Measurements from Nonurban Stations, 1970-1974a,b 

Arithmetic Geometric Maximum 
Percentile Distribution 

Year Mean (~g/m3) Mean (ftg/m3
) (~g/m3) 10 50 70 95 99 

1970 0.09 0.04 1.47 0.00 0.00 0.00 0.38 0.63 

1971 0.05 0.01 1.13 0.00 0.00 0.00 0.20 0.78 

1972 0.14 O.Q9 1.05 0.01 0.11 0.17 0.39 0.95 

1973 0.11 0.07 0.94 0.02 0.06 0.13 0.39 0.70 

1974 0.11 0.08 0.53 0.01 0.09 0.14 0.32 0.50 

a Adapted from U.S. EPA (1977). 
6Number of quarterly composites varies. 

by onset of declines in 1973 and 1974. Median (50th percentile) air lead 
levels showed a similar comparative relationship, at 1.05, 1.01, and 
0.97!lgim3 for 1970-1972, respectively, followed by declines to 0.77 and 
0.75 11g/m3 for the later 2 years. Maxima for these years were 5.83, 6.31, 
6.88, 5.83, and 4.09 flg/m3 

Descriptive statistics are similarly provided for nonurban air lead values 
in the 1970-1974 time period, in Table 6.4. Here, the picture is Jess clear 
across the 5 years of measurement, giving no definitive trend. Results also 
reflect the lower number of monitoring stations and variability in the number 
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;tribution, and Maximum Urban Air Lead 
Urban Stations, 1970-1974a,b 

Maximum 
Percentile Distribution 

n 3) (~g/m') 10 50 70 95 99 

5.83 0.47 1.05 1.37 2.59 4.14 

6.31 0.42 1.01 1.42 2.86 4.38 

6.88 0.46 0.97 1.25 2.57 3.69 

5.83 0.35 0.77 1.05 2.08 3.03 

4.09 0.36 0.75 1.00 1.97 3.16 

td Percentile Distribution of Nonurban Air 
from Nonurban Stations, 1970-1974a,b 

Percentile Distribution 
Maximum 

m') (~g/m 3) 10 50 70 95 99 

1.47 0.00 0.00 0.00 0.38 0.63 

1.13 0.00 0.00 0.00 0.20 0.78 

1.05 0.01 0.11 0.17 0.39 0.95 

0.94 0.02 0.06 0.13 0.39 0.70 

0.53 0.01 0.09 0.14 0.32 0.50 

nd 1974. Median (50th percentile) air lead 
tparative relationship, at 1.05, 1.01, and 
pectively, followed by declines to 0.77 and 
s. Maxima for these years were 5.83, 6.31, 

.ilarly provided for nonurban air lead values 
in Table 6.4. Here, the picture is less clear 
lent, giving no definitive trend. Results also 
titoring stations and variability in the number 
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TABLE 6.5 Average Air Pb and Particle Size Distributions for Six Major 

U.S. Cities in 1970a 

Average Annual Average Particle % Particles 

City Pb Level (~g/m3) Size MMD (~m)b :'S1f-Lm 

Chicago, IL 3.2 0.68 59 

Cincinnati, OH 1.8 0.48 72 

Denver, CO 1.8 0.50 70 

Philadelphia, PA 1.6 0.47 62 

St. Louis, MO 1.8 0.69 62 

Washington, DC 1.3 0.42 74 

•Adapted from U.S. EPA (!977, Ch. 7). 
bMMD =mass median diameter. 

of quarterly composites. During the period 1970-1974, the arithmetic mean 
values were 0.09, 0.05, 0.14, 0. 11, and 0.11 f"g/m3

, respectively. Corresponding 
geometric mean values were 0.04, 0.01, 0.09, 0.07, and 0.08 f"g/m3

, respec
tively, while maxima for the 5 years were 1.47, 1.13, 1.05, 0.94, and 

f.Lg/m3
, respectively. Unlike the measures of central tendency, the max

ima show a downward trend from 1970 to 1974. 
Mean values of air lead concentration were on the order of 10- to 20-fold 

lower for nonurban versus urban monitoring reports, but maxima for the two 
categories varied less, about fourfold lower. The latter likely reflects the 
principal contributor to nonurban air lead, point source contributions such as 
lead smelters. The nonurban sites are typically located in more remote areas, 
in the Midwest and West 

Table 6.5 presents mean air lead values in 1970 for six major U.S. cities 
as well as data for lead-bearing particle sizes. The mean air lead con
centrations for Chicago, Cincinnati, Denver, Philadelphia, St. Louis, and 

asrLm!~loJo, DC, were 3.2, 1.8, 1.8, 1.6, 1.8, and 1.3 f"g/m3
, respectively. 

;.,\v<'fa.!e sizes of measured air particulate ranged from 0.42 to 0.69 i"m aver
MMD, while the percentages of particles <;;l ~m ranged from 59% to 
. The fraction of lead in the small pruticle fraction indicates both a size 

longer geographic reach and a size that is respirable by human 

6.6 depicts ambient air lead statistics gathered by the U.S. EPA for 
the Seven-City Study of U.S. air lead for commercial, industrial, and 

.'.r,esi<lential monitoring sites. The U.S. cities were Chicago, Cincinnati, 
Los Angeles, New York, Philadelphia, and Washington, DC. Data 
are broken into monthly mean, minimum, and maximum values. 
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TABlE 6.6 U.S. Ambient Air lead Statistics' for the Seven-City Study: 
Chicago, Cincinnati, Houston, Los Angeles, New York, Philadelphia, and 
Washington, DCb 

Monthly Level (~g/m3)d 

City Site Typec Mean Minimum Maximum 

Chicago, ll c 4.5 2.5 6.7 

I 3.7 1.7 7.0 

R 3.3 2.1 4.7 

Cincinnati, OH c 2.0 1.3 3.1 

I 2.2 1.2 2.8 

R 1.5 0.8 2.6 

Houston, TX c 1.9 1.1 3.1 

I - - -

R 1.0 0.6 1.8 

Los Angeles, CA c 0.2 0.1 0.3 

I - - -

R 0.2 0.1 0.3 

New York, NY c - - -

I - - -

R 1.4 1.0 1.8 

Philadelphia, PA c 2.8 1.9 3.9 

I 2.2 1.5 3.0 

R 1.3 0.8 1.9 

Washington, DC c 1.4 3.1 2.0 

I - - -

R 1.5 1.1 1.8 

a From Tepper and Levin 1975. As discussed and cited in U.S. EPA (1977, Appendix C). 6Adapted from U.S. EPA (1977, Appendix C). 
cc =commercial; I= industrial; R =residential. 
dMean of multiple values for site types, mainly 12 months of dai"a. 

Some comparisons cannot be made for a site category across cities because 
data were not available. Nonetheless, all stations for these cities repmied res~ 
idential area monitoring measurements, while all but one city reported com
mercial district air lead concentrations. 
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_ead Statisticsa for the Seven-City Study: 
1, los Angeles, New York, Philadelphia, and 

Mean Minimum 

4.5 2.5 6.7 

3.7 1.7 7.0 

3.3 2.1 4.7 

2.0 1.3 3.1 

2.2 1.2 2.8 

1.5 0.8 2.6 

1.9 1 .1 3.1 

1.0 0.6 1.8 

0.2 0.1 0.3 

0.2 0.1 0.3 

1.4 1.0 1.8 

2.8 1.9 3.9 

2.2 1.5 3.0 

1.3 0.8 1.9 

1.4 3.1 2.0 

1.5 1.1 1.8 

>sed and cited in US. EPA (1977, Appendix C). 
ixC). 
dential. 
mainly 12 months o( data. 

mde for a site category across cities because 
eless, all stations for these cities reported res
·ements, while all but one city reported com
~ations. 
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city reporting the highest residential and commercial district values 
C!hlcago. Mean, minimum, and maximum residential air Pb concentra-

3.3, 2.1, and 4.7 [Lg/m3
, respectively. Los Angeles provided the 

air lead results, with the mean, minimum, and maximum concentra
being 0.2, 0.1, and 0.3 ]tg/m3

, respectively. Mean data for the remain
cities in descending order were 1.5, 1.5, 1.4, 1.3, and 1.0 ]"g/m

3 
for 

:hirrgt<JD, DC, Cincinnati, New Y ark, Philadelphia, and Houston, respec-
The air lead values reflect mobile lead emissions from vehicular con

of leaded gasoline but clearly other factors are operative. The 
urban character and population densities of each city's residential 

arguably play a role but multiple emission sources of airborne lead 
inu:ibtrte. For example, residential air lead values for Chicago are several

higher than those of New York, despite similar population density or 
greater multiple-unit residential density in New York. Chicago data 

reflect both vehicular and industrial emissions, a more heterogeneous 
of multiple lead emission sources to the atmosphere. 

The U.S. air lead levels are presented here for later periods as well. 
later periods generally reflect decline in consumption of lead and con

production of lead (U.S. EPA, 1986a, 2006). There was the major 
in leaded gasoline consumption due to regulatory restrictions leading 

first, a phasedown of the amounts of antiknock additive permitted in fuels 
the 1980s and early 1990s, followed by an eventual phaseout. The num

of point source lead emissions from primary and secondary lead smel
markedly declined as well. 

Such changes are captured in Table 6.7, which depicts urban air lead 
for downtown sites in nine major U.S. cities from 1975 to 1984. Most 

these cities showed air lead quarterly averages on the order of 
t.u-L.u ~g/m3 for the period 1978-1979, followed by declines of 50-70% 

more from 1980 to 1984. Marked declines in some cities to 15-20% of 
figures were reported by 1984. 

The tabulated air lead figures for U.S. areas were approximated globally, 
e,spedaJ!y in major cities outside the United States. In a number of cases, cit

outside the United States presented figures greater than those in the 
,, lJmLeu States for the period 1975-1984. This difference arose in some sig

.,'""""'" part from the relatively slower speed of change in lead content of 
Ygl!Soline for non-U.S. vehicular fleets and other lead uses. 

Table 6.8 tabulates air lead data for non-U.S. urban areas and rural around 
the globe. Locations, year(s) of measurement, and reported air lead concentra
tion summaries are given. The earliest of the years monitored for each national 
locale in Table 6.8 show quite high air lead, compared to U.S. data shown in 
the earlier tables for about the same time period. Sites in Italy, Saudi Arabia, 
and Greece had particularly elevated air lead, ranging from 3.2 to 5.5 j"g/m

3 

In most cases where multiple years of measurement were noted, declines_ in 
air lead are seen post-1979. Table 6.8 also shows that size of urban area or 
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TABLE 6.7 Annualized Air lead Levelsa,b,c (p,g/m3

) for Major U.S. Metropolitan Areas, 1975-1984 

U.S. Urban Areas Pb (11g/m3
) 

Boston, New York, Philadelphia, Washington, Detroit, Chicago, Houston, Dallas, Los Angeles, 
Year MA NY PA DC Ml ll TX TX CA 

1975 0.93 0.93 1 .1 0.98 2.1 2.8 2.1 

1976 1.0 0.87 0.83 

1977 0.65 1.4 1.4 1.0 0.30 1.5 2.1 

1978 1.0 1 .3 1.3 1.9 1 .1 1.5 1.9 

1979 0.70 0.95 1 .1 1.7 0.60 0.73 0.85 1.0 

1980 0.67 0.63 0.33 0.65 0.45 0.40 0.90 

1981 0.35 0.43 0.30 0.33 0.55 0.45 1.0 

1982 1.0 0.53 0.23 0.33 0.55 0.80 

1983 0.50 0.35 0.23 0.38 0.30 0.70 0.70 ' m 
~ 

1984 0.45 0.35 0.20 0.15 0.25 0.30 0.38 0.40 o._ 

~ 
~ 

aAdaptcdfrom U.S. EPA (1986a, Ch. 7). o._ 

"D b Average of reported quarterly averages given in U.S. EPA (7986a, Ch. 7). c 
'"Four different types of reporting downtown commercial sites used cr 

ii' 
I 
ro w 
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6.8 Air Lead Level Reports for Locations Outside the United 

Urban and Rural Measurements for 1975-1984 

0 0 0 0 Location 

"' 0 "' 0 00 ~ "' N 0 0 0 0 
Air Pb 

Year(s) of Concentration 

~ 0 ~, ~ 0 00 (iJ.g/mJ) References 
~ ~ 00 "' "' ~ ~ M 

0 0 0 0 0 0 
Roe is et aL (1980) 

Ducoffre et al. (1990) 

0 M ~ ~ 0 0 
ro ~ "' "' M M 

0 0 0 0 0 0 NAPS (1971-1976) 

(1971-1976) 

0 ~ M M ro ~ O'Heany et aL (1988) 

"' ~ M M M N 

0 0 0 0 0 0 
(1971-1976) 

et al. (1991) 

M 0 ~ 3.20 0 M M 
0 0 0 Chartsias et al. {1986); 

1982 1.76 
Kapaki eta[. (1 998) 

1984 0.91 

1974-1979 4.5 Facchetti and Geiss (1982) 

~ 
M M 0 

" 
1980 3.0 Facchetti (1989) 

"' "' N N N 
0 0 0 6 

.-a 5.5 {1985) 

' 0 
~ ~ 1980 1.20 
~ ~ 
- 0 Sweden Elinder et al. (1986) 
~~ 1983 0.50 o;-
~.:] 

M M vi 'e 

"' "1 '-: "' .. ::i 
0 
E 0 0 .s E 
Q 0.55 

Q 0 
~ Q 
·- $ 0.21 ""o 

~~c: 1984 Page eta[. (1988) 
-~~ 0.22 

~ M ~ ~ 6~-8 
'C "'· ~ M M :t ;:.~ 0 0 0 0 0.14 

co "1::: t 
~ 0 0 
::.."!:': & 
;;: ~.,':: 
'" a . ""8 ~ 0.44 

~ 0 ~ ~ 0 ~ '-':to_ 

"' 0 ~ "' M 0 ~ .. :::J g_ 2--
0 0 0 0 0 0 E o- 0.07 

2 .,':: ~ Del Delumyea and 
~Oo 1984-1985 0.05 
1313;}~ Kalivretenos (1987) 

~ ro "' 0 ;; N M .. 0..2~ 
~ ~ ~ ro 00 00 ro .g 'l! ::: O.ll 

'" "' "' "' "' '" '" "' "(~c2 
' ~ 0 

0.01 

(Continued) 
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TABLE 6.8 Air Lead Level Reports for Locations Outside the United 
States: Urban and Rural Measurements for 1975-1984-(cont.) 

Location 

Air Pb 

Year(s) of Concentration 

Rural Measurement (1J.g/m3) References 

Canada 1984 0.10 O'Heany et al. (1988) 

Italy 1976-1980 033 Facchetti and Geiss (1982) 

Belgium 1978 037 Roels et al. (1980) 

level of industrialization is directly related to air lead content. Paris showed 
the highest air lead level for French cities, with the lowest value cited for the 
small town of Senonches. A similar relationship was noted for Wales. 

Table 6.9 depicts peak air lead levels (quarterly maximum average, ~g/m3) 

reported for 1994 and for all major urban areas of the United States with 
a population of I ntillion or more compiled in the 1990 U.S. Census and 
arranged alphabetically. These 48 urban areas are the metropolitan statisti
cal areas (MSAs), complising an identified central city and, wbere indi
cated, contiguous urban populations. Four did not provide air lead values, 
leaving a net of 44 sites. Table 6.9, adapted from U.S. EPA (1995), has 
data for monitoring sites which are directed toward the greatest popula
tions even though EPA records air lead values for nonpopulation monitors 
as well. This adjustment avoids the use of anomalous values that capture 
large point source air lead emissions that have minimal impact in terms of 
numbers of individuals affected. 

Of the 44 entries for the largest U.S. MSAs with air lead levels reported 
in 1994, over half (N = 25) reported a peak air lead :s0.05 ftg/m3 A total of 
eight MSAs reported air lead in the range of >0.05-0.10 ~g/m3 , while eight 
MSAs had peak air lead values of 0.11-0.30 ~g/m3 Three MSAs exceeded 
peak air lead of 0.30 ~g/m3 , with the highest level for all MSAs being 
0.89 ~g/m3 A majolity of the locations (57%) had peak air lead of 0.05 ~g/rn3 

or less. Overall, the 1994 MSAs show peak air lead values that are but a small 
fraction of typical U.S. values in the 1970s and 1980s. 

The U.S. air lead levels largely showed their maximal decline from peak 
values in the 1960s and early 1970s by 1994, with relatively more modest 
declines afterwards. However, relative to the picture in 1994, the propor
tional decline into the 2000-2005 time frame was still measurable. 
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,, 

location 

Air Pb 

Concentration 

()J..g/mJ) 

0.10 

0.33 

0.37 

References 

O'Heany et al. (1988) 

Facchetti and Geiss (1982) 

Roe is et al. (1980) 
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Peak Air Lead Levelsa in Major U.S. Urban Areasb,c,d, 1994e 

1990 Air Lead 

Population (~g/m3) 

2,833,511 :s::o.os 

MD 2,382,172 0.03 

1,278,440 0.04 

2,870,669 0.01 

Buffalo-Niagara Falls, NY 1 '189,288 0.05 

NC-Gastonia, NC-Rock Hill, SC 1,162,093 0.03 

6,069,974 0.10 

, OH-KY-IN 1,452,645 0.04 

Cleveland-Lorain-Elyria, OHg 2,202,069 0.12 

Columbus, OH 1,377,419 0.11 

2,553,362 0.08 

1,622,980 0.07 

4,382,299 0.07 

Fort Worth-Arlington, TX 1,332,053 0.03 

3,301,937 0.01 

1,249,822 0.20 

Kansas City, MO-KS 1,566,280 0.03 

~os Angeles-Long Beach, CA 8,863,164 0.08 

3,192,582 0.01 

Middlesex-Somerset-Hunterdon, NJ 1,019,835 0.12 

Milwaukee-Waukesha, WI 1,432,149 0.03 

Minneapolis-St. Paul, MN-W! 2,464,124 Not available 

Nassau-Suffolk, NY 2,609,212 Not available 

1,824,321 0.30 

1,238,816 0.12 

8,546,846 0.11 

Norfolk-Virginia Beach-Newport News, VA 1,396,107 0.02 

Oakland, CA 2,082,914 0.02 

(Continued) 
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TABLE 6.9 Peak Air Lead Levelsa in Major U.S. Urban Areasb,c,d, 1994e

(cont.) 

1990 

Location Population 

Orange County, CA 2,41 0,556 

Orlando, FL 1,072,748 

Philadelphia, PA-NjJ 4,856,881 

Phoenix-Mesa, AZ 2,122,101 

Pittsburgh, PA 2,056,705 

Portland-Vancouver, OR-WAk 1,239,842 

Providence-Fall River-Warwick, RI-MA 1,141,501 

Riverside-San Bernardino, CA 2,588,793 

Rochester, NY 1,002,410 

Sacramento, CA 1,481,102 

St. Louis, MO-!L1 2,444,099 

Salt Lake City-Ogden, UT I ,072,227 

San Antonio, TX 1,302,099 

San Diego, CA 2,498,016 

San Francisco, CA 1,603,678 

San jose, CA 1,497,577 

San juan-Bayamon, PR 1,086,376 

Seattle-Bellevue-Everett, WA 1,972,961 

Tampa-St. Petersburg-Clearwater, FL m 2,067,959 

Washington, DC-MD-VA-W\1 3,000,504 

aBased on site air lead monitors for MSAs arranged alphabetically. 
6Quarterly maximum average, 1-1glm3

• 

"Defined as MSA with population "?.1 million. 
dPopulation from 1990 census. 
"Adapted from U.S. EPA (1995, TableA-12). 
tvalue for population-directed monitoring. 
&Level for Cleveland itself. 

Air Lead 

(~g/m3) 

0.04 

0.00 

0.49 

0.04 

O.D7 

0.27 

Not available 

0.04 

0.04 

0.02 

0.06 

0.05 

0.03 

O.D2 

0.02 

O.Q2 

Not available 

0.61 

0.89 

0.04 

hValue for population-oriented monitoring. 
'Value for population-oriented monitoring. 
'Highest population-oriented monitor result. 
kfmpact from an industrial source. 
10riginal value impacted by an industrial source; highest reading (rom population-oriented source 
used. 
mHighest population-oriented monitor result. 
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TABLE 6.9 Peak Air Lead Levelsa in Major U.S. Urban Areasb,c,d, 1994e

(cont.) 

1990 
location Population 

Orange County, CA 2,410,556 

Orlando, FL 1,072,748 

Philadelphia, PA-Njj 4,856,881 

Phoenix-Mesa, AZ 2,122,101 

Pittsburgh, PA 2,056,705 

Portland-Vancouver, OR-WAk 1,239,842 

Providence-Fall River-Warwick, RI-MA 1,141,501 

Riverside-San Bernardino, CA 2,588,793 

Rochester, NY 1,002,410 

Sacramento, CA 1,481,102 

St. Louis, MO-IL1 2,444,099 

Salt Lake City-Ogden, UT 1,072,227 

San Antonio, TX 1,302,099 

San Diego, CA 2.498,016 

San Francisco, CA 1,603,678 

San Jose, CA 1.497,577 

San juan-Bayamon, PR 1,086,376 

Seattle-Bellevue-Everett, WA 1,972,961 

Tampa-St. Petersburg-Clearwater, FL m 2,067,959 

Washington, DC-MD-VA-WV 3,000,504 

aBased on site air lead monitors for MSAs arranged alphabetically. 
bQuarterly maximum average, pg/m3 . 

cDefined as MSA with population 2:.1 million. 
dPopulation from 1990 census. 
eAdaptedfrom U.S. EPA (1995, TabfeA-72). 
FValue for population-directed monitoring. 
gLevel for Cleveland itself. 

Air lead 
(p.g/m3) 

0.04 

0.00 

0.49 

0.04 

0.07 

0.27 

Not available 

0.04 

0.04 

0.02 

0.06 

0.05 

O.D3 

0.02 

0.02 

0.02 

Not available 

0.61 

0.89 

0.04 

~Value for population-oriented monitoring. 
'.Value for population-oriented monitoring. 
1Highest population-orienied monitor result. 
ktmpact from an industrial source. 
10riginal value impacted by an industrial sourcei highest reading from population-oriented source 
used. 
mHighest population-oriented monitor result. 
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~ls3 in Major U.S. Urban Areasb,c,d, 1994e-

1990 

Population 

2,410,556 

1,072,748 

4,856,881 

2,122,101 

2,056,705 

1,239,842 

RI-MA 1,141,501 

2,588,793 

1,002,410 

1,481 '1 02 

2,444,099 

1,072,227 

1,302,099 

2,498,016 

1,603,678 

1,497,577 

1,086,376 

1,972,961 

r, FLm 2,067,959 

3,000,504 

:As arranged alphabeticalfy. 

rJi!lion. 

'\-12). 
ing 

-ing. 
in g. 
esult. 

Air Lead 

(~g/m3) 

0.04 

0.00 

0.49 

0.04 

0.07 

0.27 

Not available 

0.04 

0.04 

0.02 

0.06 

0.05 

0.03 

0.02 

0.02 

0.02 

Not available 

0.61 

0.89 

0.04 

ial source; highest reading from population-oriented source 

result. 

6 Lead in Media Relevant to Human Lead Exposures 

example, air lead averages in the Los Angeles area noted by Hui (2002) 
0.015-0.019 [1g/m3 compared to the figure of 0.08 ~g/m3 in 1994, a 

of about 75%. 
The most detailed data sets for U.S. national air lead statistics as of this 

are those contained in the Air Toxics Data Archive (2003-2005), a 
effort of the U.S. EPA, state/territorial air pollution officials, and local 

control officials (U.S. EPA, 2007a). EPA (2007a) reported air lead in 
measured at 189 monitoring sites, 140 of which were urban areas. The 
material reported the national figures for these 3 years using four dif
statistical metrics: annual mean, maximum quarterly mean, maximum 

mean, and second maximum monthly mean. For example, the 
average annual mean for 2003-2005 was 0.09 f'g/m3

, the corre
~j:>cmding national maximum quarterly mean was 0.17 ~gim3 , the national 
lnalXirnurn monthly mean was 0.31 [1g/m3

, and the national second maximum 
•monthly mean was 0.21 jtg/m3 

Similar declines were seen for other countries over this period. 
6.10 shows non-U.S. global air lead values reported from 1997 to 

TABLE 6.10 Non-U.S. Global Urban Air Lead Levels, 1997-2003 

Yerevan, Armenia 

Australia roadsides 

Geneva, Switzerland 

Birmingham, U.K. roadsides 

Air Pb (~g/m 3) 

<0.04 

0.40-1.00 

0.05 

0.004-0.44 

0.76 

0.02 

0.01 

0.06 

0.01 

0.05-0.11 

0.05 

0.03 

References 

Kurkjian et al. (2002) 

Al-Chalabi and Hawker (1997) 

Brewer and Belzer (2001) 

Erel et al. (1997) 

Erel et al. (1997) 

Erel et al. (2002) 

Torfs and Van Grieken (1997) 

Torfs and Van Grieken (1997) 

Torfs and Van Grieken (1997) 

Stern becket al. (2002) 

Chiaradia and Cuppelin (2000) 

Harrison et al. (2003) 
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2003. Table 6.10 reports few levels of arr lead higher than 0.20 >Lglm3, and 
the latter are for roadside air lead monitoring. The highest measurements 
were for Australian roadsides, in the range of 0.40-1.00 [lg/m3 (Al-Chalabj 
and Hawker, 1997). Hong Kong roadsides showed values 0.13-0.17 f!g/ml 
(Chan et a!., 2000), with a value of 0.76 for an expressway between 
Jerusalem and Tel Aviv, Israel (Ere! eta!., 1997). Most reports recorded in 
Table 6.10 were for air lead levels around or below 0.10 >Lglm3 

Air lead levels in the proximity of stationary sources such as primary and 
secondary lead smelters, battery operations, etc. will be quite elevated 
regardless of the co-occurrence of high lead levels in past years from dense 
traffic. Most major U.S. smelters had ceased operations as of this writing. 
There is one remaining primary lead smelter operating in the U.S., in 
Herculaneum, MO, and there are 15 U.S. secondary smelters (U.S. EPA, 
2007b). Table 6.11 depicts representative air lead levels near U.S. stationary 
lead emissions sites from the 1970s to the present. The listing is skewed to 
earlier years because the number of these facilities has dropped, as have their 
emissions of lead. Nonetheless, recording air lead levels for these operations 
regardless of period provides a measure of the extent of atmosphelic lead 
deposition on impacted soils and other surfaces. 

Measurements of Indoor Air Pb Levels 

Human exposures to air lead by direct inhalation are a combination of out
side ambient and interior air lead. Yocum (1982) reported that U.S. homes 
and other buildings without air conditioning have indoor/outdoor air Pb 
ratios higher than those with air conditioning or those that are otherwise bet
ter sealed. A typical range for the former is 0.6-0.8, while for the latter it is 
0.3-0.5. Davies et a!. (1987) reported a ratio of 0.6 for U.K. dwellings with 
young children, a figure similar to that of Diemel et a!. (1981) for tested resi
dences in Arnhem, a Dutch community with a secondary lead smelter. The 
U.S. EPA, in its guidance material for its Integrated Exposure-Uptake 
Biokinetic (IEUBK) model for predicting lead exposures in children up to 
84 months of age (U.S. EPA, 1994), employs an indoor air lead fraction of 
0.3 that of outdoor atmospheric levels. 

6.3.2 lead-Based Paint 

Lead in paint has long been recognized as an environmental source that pro
vides the most serious levels of lead exposure for human risk populations 
and associated lead poisorting (see Chapters 7 and 8). Children are at particu
lar risk, especially infants and toddlers. The severity of lead paint poisoning 
differs geographically around the globe and geographically within the United 
States, the country most severely impacted by production, sale, and use of 
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6.11 Illustrative Global Air Lead Levels near Major Stationary Pb 

Sources, 1971-2005 

Location Air Pb (~g/m3) References 

10.3 (<1 mil 

8.6 (1-1.5 mil 
Silver Valley, ID 

4.9 (2.5-6 mil 
Yankel et al. (19771 

2.5 (6-15 mil 

5.0 

Omaha, NE 
Mcintire and 

May-November Angle (1973) 
1970 composite 

2.7 (4.8 km) 
El Paso, TX U.S. EPA (1977) 

U.S. EPA (1977) 

Linzon et al. (19761 
2.1 

Meza Valley, 
24.2-38.4 

U.S. EPA (1977); 
former Yugoslavia Fugas et al. (1973) 

Pb smelter California 1.7-4.0 Kimbrough and 
Suffet (1995) 

200L 1.3a 

Herculaneum, 2002, 0.4a U.S. EPA (2007a, 
MO Attachment B-22) 

2003, 0.4a 

Ajo, AZ 0.3b 

Anaconda, MT 0.3b Hartwell et al. 

Bartlesville, OK 0.4b (1983) 

Palmerton, PA 0.3b 

Pb Arnhem, the 0.3-0.5 Diemel etal. (1981) 

Netherlands 

ad··ba,eo paints (LBPs) in prior decades. However, it is likely no area of 
globe has been fully free of lead paint risk. 

· a lead-bearing environmental medium differs qualitatively and 
from other sources and pathways of lead for human contact. 
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LBP applied decades ago still exists on residential surfaces in millions of 
residences and other facilities occupied by young children. As such, it Will 
continue to provide lead exposures to young children until these millions of 
units are rendered either lead-free or lead-safe for many years. 

We characterize lead paint reservoirs in terms of decades, in contrast to 
lead emissions to the atmosphere where the emissions are associated with air 
lead changes that are on the order of hours or days in duration. A second 
contrasting element is that of the nature and extent of lead dispersal via vari
ous pathways. While the atmosphere (scaled as to specific areas or regions) 
is the common conduit for lead from emission sources, lead paint in each of 
the millions of U.S. residential units that contain it provides microscale risk 
across a macroscale of distribution. 

LBP in the United States is an environmental medium broadly confined to 
the nation's older housing stock and its contiguous environmental compart
ments such as lead in building perimeter, i.e., "drip-line" soils, where lead 
comes mainly from exterior lead paint weathering and deposition onto contig
uous surfaces. It is therefore appropriate to attempt to quantify the magnitude 
of the U.S. lead-paint problem by looking at various housing surveys. In par
ticular, these are (I) the 2001 U.S. national housing survey for lead based on 
a representative sampling; (2) the 1997 American Housing Survey as a view 
of the national distribution of lead-painted housing; and (3) another national 
distribution survey called the Current Population Survey presented in 1999. 
Collectively, they provide the most reliable current picture for the U.S. lead 
paint problem. Of these, the 2001 National Survey of Lead and Allergens in 
Housing (NSLAH) is the most useful for purposes of this chapter and is a 
principal focus of this section (Jacobs et al., 2002; NSLAH, 2001). 

Lead-containing paint as a medium for potential lead exposures for chil
dren and other risk groups is particularly complex for characterizing the 
nature and extent of human contact. First, lead paint's hazard as a solid sur
face on different residential areas and interior or exterior building compo
nents varies with the lead level (concentration of lead in paint samples) or 
loading (amounts of lead per unit area of measurement). These aspects were 
presented in the analytical measurements portion of this chapter. Surface 
condition, with deteriorating surfaces posing more of an overall risk to resi
dents than surfaces in good condition at some specific instant in time, is 
another factor. This is not to imply that intact surfaces pose no risk. The reg
ulatory scientific literature for LBP with regard to lead content, hazards to 
children's health from lead paint as a function of condition, etc., is a signifi
cant body of data. These topics are presented and discussed in more detail in 
a later part of this monograph. Here, these factors are included to the extent 
they are required to quantitatively describe the overall lead paint exposure 
picture for risk groups such as young children. 

Both current and historic U.S. nationwide lead paint statistics are pre~ 
sented here for lead paint as a discrete lead source per se. Environmental 
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for lead from paint released to other media, such as lead paint
dusts and leaded soils, are presented later. Lead paint statistics pre

in such compendia as the NSLAH (2001) survey classified the various 
of lead paint within those definitions established by the U.S. HUD 

U.S. EPA. The U.S. HUD defines categories of lead paint characteli
for this survey according to the definitions set forth in the 1999 U.S. 

lead-safe regulations. These regulations differ in some of their particu
companion regulations issued by the U.S. EPA in its final lead haz-

issued in 2001 (U.S. EPA, 2001). Both agencies, overall, have had 
sintilar regulations for lead paint hazards as mandated by the U.S. 

in its 1992 "Title X" legislation. 
in U.S. housing and other structural stock is defined in regulatory 

sta-tutcJry terms as lead paint present at a loading of 1.0 mg Pb/cm
2 

or 
and/or a lead concentration of 0.5% (5,000 ppm) or more. Two broad 

characterizing variation in the amounts of lead paint in U.S. 
stock are region of the country and age of the housing units. These 

variables are closely related, however. Lead paint as an environmental 
traces to the vintage of the lead-painted surfaces; the older the resi

housing unit or the public building, the higher the likelihood of one 
painted surfaces meeting the definition of LBP. Likewise, the older 

area of the country in terms of settlement history, the higher the likeli-
of LBP surfaces in buildings. 

6.12 tabulates the prevalence of LBP in U.S. housing stock as a 
of four geographic regions of the nation-Northeast, Midwest, 

and West-and four housing age bands-pre-1940, 1940-1959, 
1977, and 1978-1998-within each of those four geographic regions. 

en'"""" are estimates from the NSLAH (2001). 
6.12 makes it clear that the older the housing units in any of the 

major regions, the higher the fraction of units with LBP. For pre-1940 
the percentages of LBP units for the regions range from 71% for 

in the West to 91% in the Midwest. Corresponding figures for the 
and South were 86% and 91%, respectively. Table 6.12 also shows 

total number of units with LBP is highest in the two oldest areas of 
,f>.roountrv., the Northeast and Midwest, with a lower count for the South 

the lowest number of LBP units found in the West. 
Ho,usirrg constructed in the 1978-1998 peliod, following the total U.S. ban 
use of lead paint for residential interiors, showed the lowest percentages of 

among housing units within each of the geographic areas. The persistence 
measurable percentage in the face of the lead paint ban likely is 

trib,utable to some combination of remaining lead paint in commercial chan-
after the ban and other factors. The persistence of significant percentages 

surfaces in residential units built from 1960 to 1977 is noteworthy. The 
of housing units with LBP from this age band (%) and the corre
regions are: 39, northeast; 28, Midwest; 17, South; 22, West. 



Total U.S. housing units: 95,688,000; total U.S. LBP-containing units: 37,897,000;% of total with 
LBP: 40. 
8 Adapted from NSLAH {2001). 
bAs defined by U.S. EPA (2001) and U.S. HUO (1999); Pb loading XRF: ?:. 1.0 mglcm 2, 
Pb concentration ?:.0.5%. 
cRegiona/ percent of total 37,897000 U.S. LBP units. 

Persistence of sizeable percentages of LBP in housing in all four regions 
from 1940 to 1959 is evident in Table 6.12. Percentages for this period seen 
in the Northeast, Midwest and West regions are generally not greatly less 
than those for pre-1940 housing, at 73%, 81%, and 69%, respectively. 



lead and Pub I ic Health 

Ratesa of LBP in Housingb by Region and 

Estimated Estimated% 
Number of Units of Units 

ms Built with lBP (000) with lBP 

Pre-·1940 5,957 86 

40-1959 3,089 73 

60-1977 1,478 39 

78-1998 76 2 

10,300 27 

Pre-1940 4,658 91 

40-1959 4,785 81 

60-1977 1,771 28 

78-1998 533 1 1 

11,747 31 

Pre-1940 3,065 89 

40-1959 3,431 54 

60-1977 1,914 17 

78-1998 1,197 8 

9,607 25 

Pre-1940 1,437 71 

40-1959 2,866 69 

60-1977 1,414 22 

78-1998 225 4 

5,942 16 

-otal U.S. LBP-containing units: 37,897,000; 'Yo oftotal with 

.5. HUD (1999j; Pb loading XRF: ;;;;J.O mglcm 2
, 

U.S. LBP units. 

:entages of LBP in housing in all four regions 
.n Table 6.12. Percentages for this period seen 
i West regions are generally not greatly less 
g, at 73%, 81%, and 69%, respectively. 
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6.13 U.S. Prevalence Ratesa of LBPb from Housing with Children 

Years Old' by Age of Housing 

Estimated Number Estimated% 

of Units (000) with lBP with LBP Units 

2,253 94 

1,997 65 

1960-1977 876 17 

1978-1998 202 3 

Total residential units with young children: 16,4021 000; total LBP-containing units with young 
children: 5,328,000;% with LBP: 32. 
a Adapted from NSLAH (2001). 
bAs defined by U.S. EPA (2001) and U.S. HUD (1999): Pb loading XFI.F 21.0 mglcm2

, 

Pb concentration 20.5%. 
cDefined by U.S. CDC as high-risk group. 

One area of concern about the persisting presence of LBP in U.S. housing 
the equally persisting potential exposure threat to residents, particularly 

children. The U.S. CDC in its 1991 and 2005 Statements on childhood 
poisoning defined young children less than six years of age as that sub

of the population at highest risk because of vatious behavioral and devel
vulnerability factors (U.S. CDC, 1991, 2005). 

Table 6.13 presents estimates of the number of U.S. housing units with 
LBP and one or more children <6 years of age as a function of housing 
The oldest housing, pre-1940, was estimated in the 2002 NSLAH survey 

have 2,253,000 housing units with both LBP and one or more young chil
This comprises 94% of all units built pre-1940. The survey estimated 

residential units had both one or more children and LBP for the 
period, 65% of all units in that housing age group. For the 

1977 and 1978-1998 periods for housing construction, the counts of 
with both LBP and one or more young children were 876,000 and 

respectively. The corresponding percentages with LBP were 17% 
3%, respectively. 

Overall, using the survey figures, there were 16,402,000 U.S. residential 
with young children, and of these, 5,328,000 or 32% had LBP. 

Urbanization as a factor in the relative likelihood of U.S. housing units 
LBP was presented and quantified in this survey, as summarized in 

. Urbanization referred to ( 1) presence in or outside an MSA as 
by the U.S. Bureau of the Census; and/or (2) presence in one of two 

categories differing in population size as also defined by the U.S. 
of the Census. Those U.S. MSAs with a population of 2,000,000 or 
had 24,967,000 residential units, of which 8,963,000 or 36% 
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TABLE 6.14 U.S. Prevalence Rates" of LBPb in Housing by Extent of 
Urbanizationc 

Degree of Urbanization 

Total number of units (ODD) in 
MSAs :;::::2 million population 24,967 

Total number of units (000) in 
MSAs :s:::2 million population 42,782 

Total number of units (ODD) not in 
an MSA 21,808 

Estimated Number Estimated 
of Units with %Units 
LBP (000) with LBP 

8,963 36 

16,250 38 

10,046 46 

Total units in MSAs = 67,749,000; total units with LBP in MSAs = 25,213,000;% all MSA units 
with LBP = 37. 
"Adapted from NSLAH (2001). 
bAs defined by US. EPA (2001) and U.S. HUD (T999). Pb loading XRF: "?.1.0mglcni; 
Pb concentration: "?.0.5%. 
cBased on data from U.S. Bureau of the Census. 

contained LBP. MSAs with <2,000,000 population had 42,782,000 units, of 
which 16,250,000 or 38% had LBP. There were a total of 21,808,000 units 
outside of these MSAs, of which 10,046,000 units or 46 % contained LBP. 
The non-MSA tally excluded units not characterized or assigned to some 
metropolitan grouping. Overall, level of urbanization was not as significant a 
variable in prevalence of LBP in housing units as other variables such as age 
of housing and geographic location. 

In fhe late nineteenfh and twentieth centuries in U.S. households, LBP was 
used for both interior and exterior surfaces. Each type of surface presented dif
ferent potential risks for contact and potential human exposures. Interior LBP 
posed the more significant risk in terms of duration of typical contact for 
young children, especially infants and toddlers. However, exterior lead paints 
produced a broader reach for lead contact through higher deterioration rates 
and wider dissemination of deteriorated paint residues. For example, exterior 
lead paint readily weafhered over time and shed fine, high-hazard particles 
onto contiguous soils and as exterior dusts. 

Table 6.15 presents U.S. prevalence rates for LBP-containing surfaces in 
housing units as a function of location within the housing structures: interior 
surfaces, exterior surfaces, or both interior and exterior surfaces. The survey 
estimated that 8,609,000 U.S. units or 9% of all units with LBP had interior 
LBP on some surface. By contrast, the U.S. prevalence rate for exterior sur
faces was more fhan double fhe interior rate, 20,260,000 or 21% of LBP 
units. An estimate of 9,028,000 units, or 9% of all LBP units, is recorded in 
this table for those units having LBP on bofh interior and exterior surfaces. 
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Ratesa of LBPb in Housing by Extent of 

Estimated Number Estimated 
of Units with %Units 
LBP (000) with LBP 

8,963 36 
967 

16,250 38 
782 

n 10,046 46 

tal units with LBP in MSAs = 25,213,000;% all MSA units 

U.S. HUO (1999). Pb loading, XRF: ~7.0 mg!cm2; 
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6.15 U.S. Prevalence Ratesa of LBPb in Housing by Location in the 

Estimated Number of 

Units with LBP (000) 

8,609 

20,260 

9,028 

Estimated % 

with LBP 

9 

21 

9 

%with LBP somewhere in building: 40. 

6.16 U.S. Housing Distributionsa of Highest Paint Lead Loading on 

Interiors as a Function of Housing Age 

Pre-1940 

83 

79 

72 

60 

38 

NSLAH (2001). 

% of Units :2:: Indicated Highest Pb 

Loading by Housing Age 

1940-1959 1960-1977 1978-1998 

59 21 9 

46 16 4 

41 12 3 

19 6 

7 2 

as maximum XRF reading (mg/cm2
) in the housing unit 

about three-quarters of all LBP units-29,288,000 units
exteri,or surfaces covered with LBP with or without interior LBP. 

critical factor in the level of toxicity risk posed by LBP is the level of lead 
or lead concentration. The former is indexed in units of mg Pb/cm2 on 
surfaces using XRF detection (see Section 6.1) while the latter 
content of Pb per unit mass, typically as % Pb. All other factors 

equal, the magnitude of Pb exposure hazard increa~es with the 
in Pb loading or concentration. Table 6.16 tabulates the relation

of the U,S. prevalence rates for selected threshold maximum lead 
as a function of housing age. In general, the older the housing) 
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TABLE 6.17 U.S. Housing Distributionsa of Highest Paint lead loadingsb 
on Unit Exteriors as a Function of Housing Age 

Maximum Pb Loading 
% of Units with Indicated Highest 

in Paint by Increasing 
Pb Loadings by Housing Age 

Pb Amount (mg/cm 2
) Pre-1940 1940-1959 1960-1977 1978-1998 

:2:0.6 76 64 18 7 

:2:1.0 72 59 13 3 

:2:::1.3 71 56 11 3 

:2:::4.0 56 28 6 0 

:2:::10.0 41 10 2 0 

a Adapted from NSLAH (2001). 
6 Loading as a maximum XRF reading (mglcm2

) in the housing unit. 

the higher the percentage of maximum Pb loadings found in housing in 
the age band. This relationship prevails for interior smfaces, exterior sur
faces, or LBP surfaces anywhere in the residential units. 

Table 6.16 shows that, in pre-1940 housing, the rates at any threshold for 
the maximum measured Pb loading in housing interiors are much higher 
than those in any other housing age group. For example, maximum threshold 
Pb loadings 2-1.3, 4.0, and 10.0 mg/cm2 in interiors occurred in pre-1940 
housing at rates of 72%, 60%, and 38%, respectively. For the 1940-1959 
age band, the corresponding Pb loading rates were 41%, 19%, and 7%. 
Measurable lead loadings above the definition of LBP were still estimated in 
the most recent age of housing, 1978-1998. 

Table 6.17 sintilarly shows that in pre-1940 housing, the rates at any 
threshold for the maximum measured Pb loading on housing exterior sur
faces were much higher than those in any other housing age group. For 
example, maximum threshold Pb loadings 2-1.3, 4.0, and 10.0 mg/cm2 

occurred in pre-1940 housing exterior surfaces at rates of 71%, 56%, and 
41%, respectively. For the 1940-1959 age band, the corresponding Pb load
ings in exteriors were 56%, 28%, and 10%. Measurable lead loading above 
the definition of a positive LBP reading at the 2-1.3 mg Pb/cm2 threshold 
was also estimated for exteriors in the most recent housing studied, 
1978-1998. 

Table 6.18 shows that the percentage rates at any loading threshold for 
the maximum measured Pb loading in housing with LBP anywhere in the 
structures were highest in the oldest pre-1940 subset of housing stock in the 
United States. Prevalence rates for loadings 2-1.3, 4.0, and 10.0 mg Pb/crn2 

pre-1940 were 84%, 73%, and 55%, respectively. Moving through younger 
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:ributionsa of Highest Paint Lead Loadingsb 

n of Housing Age 

% of Units with Indicated Highest 

Pb Loadings by Housing Age 
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28 6 0 

10 2 0 
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6.18 U.S. Housing Distributionsa of Highest Paint Lead Loadingb on 

Anywhere in Building as a Function of Housing Age 

Pre-1940 1940-1959 1960-1977 1978-1998 

from NSLAH (2001). 
>:'L,oad;ng as maximum XRF reading in the unit, mglcm2

• 

stock, the percentage of units meeting those thresholds in Pb load

dec;liuied significantly. A comparison of the two highest Pb loading 

in Table 6.18 demonstrates marked declines in percent occur

across the four housing age groups, ranging from 55% for the highest 

pre-1940 to 1% in housing built between 1978 and 1998. 

Deterioration of lead-painted surfaces in the form of peeling, chipping, 

and chewing can provide added risk of lead exposure over that pro

by LBP surfaces assumed to be relatively intact. Central to any discus-

of the role of deterioration in defining exposure risk is the need to keep 

that all intact and accessible LBP surfaces can readily transition to 

in some stage of deterioration for a variety of environmental and 

JcicJec-oncrmi.c reasons. 
Table 6.19 depicts the rates of deteriorated and significantly deteriorated 

surfaces in U.S. housing units as a function of age of the housing unit. 

to U.S. EPA (2001) and U.S. HUD (1999) for regulatory characteriza-

of degrees of deterioration. Of 37,897,000 U.S. units with LBP, 

or 46% had one or more deteriorated LBP surfaces while 

,,uoJ,c,vu or 36% had one or more significantly deteriorated LBP surfaces. 

overall tallies, pre-1940 housing units were 9,866,000 or 26% of all 

LBP housing units. Similarly, pre-1940 units with significantly deterio

LBP surfaces comprised 7,752,000 units, 20%, of U.S. LBP units. 

units with deteriorated LBP built from 1940 through 1959 amounted 

,6,510,000 or 17% of all units with LBP, while 5,190,000 or 14% of the 

LBP group were estimated to have significantly deteriorated surfaces. 

figures are consistent with the data showing that older housing has 

rates of deteriorated LBP surfaces and significantly deteriorated 
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TABLE 6.19 U.S. Prevalence Ratesa of Deteriorated and Significantly 
Deteriorated LBP Surfaces by Ageb of Housing Stock Versus All lBP 
Housing 

Number of % of Total 
Number of Units with with 
Units with Significantly Significantly 

Housing Deteriorated %of Total Deteriorated Deteriorated 
Age Band LBP (000) LBP Units LBP (000) LBP 

Pre-1940 9,866 26 7,752 20 

1940-1959 6,510 17 5,190 14 

1960-1977 910 2 610 1.6 

1978-1998 139 0.4 83 0.2 

Total units/% 17,425 46 13,635 36 
all LBP 

Total number of units with LBP = 37,897,000; total number of units with deteriorated 
LBP = 17,425,000; total number of units with significantly deteriorated LBP = 13,635,000. 
"Adapted from NSLAH (2001, Table 4.2). 
bAs defined by U.S. EPA (2001) and U.S. HUO (1999). 

surfaces. Pre-1940 housing was that block of U.S. housing stock constructed 
in the period with highest use and consumption of LBP for home construc
tion and repainting. At the other extreme, units painted in 1978 or later were 
those built after the Federal ban on interior LBP and most uses of exterior 
residential LBP. 

Table 6.20 presents prevalence rates for deteriorated and significantly 
deteriorated units as a function of location in their structures. 

Distributions of national total and individual unit average surface areas 
with LBP are given for interiors and exteriors of U.S. housing stock in 
Tables 6.21 and 6.22, respectively. Table 6.21 shows the national total and 
individual average LBP surface areas for interiors to be 7,448 million square 
feet and 259 square feet, respectively. Of the total national and typical LBP 
individual values, the highest contributor is from the wall-floor-ceiling cat
egory. Table 6.22 shows that the total national square footage for exterior 
surfaces is 29,159 million square feet while the average unit exterior LBP is 
996 square feet. For both categories, the "wall" portion is the principal 
contributor. 

It is important to keep in mind that there is no direct relationship between 
the area of any given LBP residential unit and the relative hazards to chil
dren for lead exposures. The lead exposure hazard is more a function of like
lihood of contact, where deteriorated LBP on interior window sills and 
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Ratesa of Deteriorated and Significantly 

1y Ageb of Housing Stock Versus All LBP 

Number of %of Total 
Units with with 
Significantly Significantly 

Yo of Total Deteriorated Deteriorated 
~BP Units LBP (000) LBP 

16 7,752 20 

17 5,190 14 

2 610 1.6 

0.4 83 0.2 

16 13,635 36 

397,000; total number of units with deteriorated 
1its with significantly deteriorated LBP = 13,635,000. 
1.2). 
1.5. HUD (1999). 
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Estimated Prevalence Ratesa of Deteriorated and Significantly 

LBP in U.S. Housing Units with LBP 

Deteriorated 

Number of LBP Units as 

Units with %Total 
Housing 
Units 

4 

7 

6,236 7 

17,425 8 

= 95,688,000. 
;,~''"'''" 1/nm NSLAH (2007, Table 4.3). 

by U.S. EPA (200"/) and U.S. HUO (1999). 

Number of Significantly 

Units with Deteriorated 

Significantly LBP Units as % 

Deteriorated Total Housing 
LBP (000) Units 

7,518 

14' 

6.21 National and Single-Unit Amounts of LBP Surface Areas (It') 

Interior Componentsa,b 

beams, chimney 

'J\O">ted from NSLAH (2001). 

National LBP 

Square Footage 
(000,000) 

911 

499 

388 

7,448 

defined by U.S. EPA (2001) and U.S. HUD (7999). 

Average lBP Area 
(ftl)/Housing Unit 

173 

24 

32 

17 

13 

259 

(wells) may pose more immediate exposure threats, as discussed jn a 
chapter, than LBP-covered ceilings with evidence of peeling or chip
paint. This is not at all to say that peeling and chipping LBP from poor

'ZCOJldition ceilings aud walls pose little healfh hazard. 
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TABLE 6.22 National and Single-Unit Average LBP Surface Area (ft') for 
Exterior Componentsa,b 

NationallBP Square 
Component Footage (000,000) 

Wall 26,706 

Window 365 

Door 446 

Trim 556 

Porch 1,086 

Total 29,159 

~Adapted from NSLAH (2001 ). 
6
LBP as defined by U.S. EPA (2001) and U.S. HUD (1999). 

6.3.3 Lead in Interior and Exterior Dusts 

Average Unit lBP 
Surface Area 

912 

12 

15 

19 

37 

996 

Dusts are technically defined as solids consisting of small particulate materi
als that in tum derive from a variety of materials through diverse processes 
of deterioration. \Vhile dusts can consist solid particulates of any size, those 
which both contain lead and arise from environmental transformations of 
lead sources are generally considered to have an average diameter of 50 flill. 

Interior and exterior lead-containing dusts, especially the former, are 
known to be one of the most important, if not the most important, pathways 
by which lead from original sources, in ambient air and/or in exterior or inte
rior paints, enters human environments and then enters the bodies of exposed 
populations, notably young children. Pathways for generation of dust lead 
can occur directly from these sources or can occur indirectly. For example, 
interior dust lead levels or loadings can occur via deposition of particulate 
lead from the atmosphere directly to interior surlaces or through initial load
ing onto exterior surfaces. The indirect path can involve interim Pb deposi
tion on soils and then lead migration from soils to interiors as dusts. Another 
indirect pathway for interior dust lead is "take-home" or occupational sec
ondary exposure lead, where workplace leaded dusts in a leaded work envi
ronment adhere to workers' clothing, shoes, etc. and are carried home in the 
absence of washing or clothes-changing facilities at work. 

For purposes of categorizing environmental mobility, one can subdivide 
the topic of dust lead by origin: exterior leaded dusts from atmospheric depo
sition and/or weathering lead paints and interior dusts from atmospheric lead 
deposition and/or leaded paints. Atmospheric lead deposition to interior or 
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1gle-Unit Average LBP Surface Area (ft2) for 

tional LBP Square Average Unit LBP 

>tage (000,000) Surface Area 

706 912 

365 12 

446 15 

)56 19 

386 37 

159 996 

nd U.S. HUO (1999). 
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surfaces, in turn, can readily arise from either or both mobile and 
atmospheric lead sources. 
in the way of quantitative information on lead content of dusts 

j\Ja,ctirrg human populations appears in the literature before the late 1960s 
1970s, for many of the same reasons that air lead data were little 

absence of both acceptable analytical Pb methodology and statisti
standardized sampling methods. By the 1970s, measurements of dust 

tracing to mobile sources, i.e., vehicular emissions of leaded gasoline 
or from stationary source air lead emissions like those from smel

were appearing in the scientific literature. 

igrdficaJ1t exterior (outside) leaded dust deposition occurred near vehicular 
notably in the decades of leaded gasoline use for private and com
vehicles (U.S. EPA, 2008b). Table 6.23 tabulates dust lead measure-

results expressed in units of concentration for some illustrative U.S. 
traffic areas recorded in the late 1960s and 1970s. Measurements 
ranged up to about 10,000 ppm, and in the case of tunnels, up to 

ppm. Table 6.23 generally depicts the high dust lead concentrations 
ileacsm:ed at U.S. roadsides close to motor lanes in those years of high leaded 

consumption, consisting of heavier fractions of auto exhaust particu
that settled close to the roadways soon after emission. 

Table 6.24 presents U.S. roadside dust lead figures as dust lead loading 
onto receiving surfaces from atmospheric lead deposition in this same 

of high-leaded fuel use. This table depicts lead loading results for out
dusts sampled in 77 U.S. Midwestern cities. Three cities had the highest 
loading rates indexed by type of outside lead deposition: residential, 
Bend IN; commercial, Nashville, TN; industrial, Omaha, NE. Cities in 

particular survey overall showed the geometric mean of deposition rates 
for industrial locales, intennediate for commercial sites, and lowest 

residential areas. The highest comparative finding for industrial zones is 
be expected based on contributions from both stationary and mobile lead 

sources. Residential areas were lowest in lead deposition, showing 
auto traffic contribution and lower traffic densities than for commer

zones. 
These data for U.S. locations with elevated roadway/outside dust lead 

in the era of high leaded gasoline consumption were largely repli
for non-U.S. findings in developed areas around the world with rela
large vehicular fleets and densely populated urban areas. Table 6.25 
the case for locales in Europe, Asia, Canada, etc. 

Roadway and other outside dust lead levels declined with the phasedown 
phaseout of leaded gasoline but the rate of decline has been understaJJd
slow given the long-term retention of deposited dusts in roadside soils 

,, 
I 
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TABLE 6.23 Illustrative U.S. Roadside Dust Lead Concentrations (~g/g) in 
the Period of High leaded Gasoline Consumptiona,b 

U.S. location Road Site(s) 

Washington, DC a. Busy road intersection 

b. Multiple sites 

Chicago, IL Proximity to expressway 

Philadelphia, PA Proximity to expressway 

New York City, NY Proximity to expressway 

Detroit, M! "Street dust" 

Various U.S. Cities Highways and tunnels 

Several U .5. Cities "Street dusts" 

8 Adapted from U.S. EPA (7977). 
bFigures for early 1970s, U.S. EPA (1977). 
cPinlcerton eta!. (1973). 
dTer Haar and Aranow (1974). 
eNriagu (7978). 

Dust lead 
Concentration 
(~g/g) 

12,800 

4000-8000 

6600 

3000-8000 

966-1213d 

10,000-20,000 

300-18,000e 

TABLE 6.24 Illustrative U.S. Dust Lead Deposition Rates (mg/m2/mo) in 
the Period of High Leaded Gasoline Consumptiona,b 

Location of Highest 
Deposition Rate 

South Bend, IN 

Nashville, TN 

Omaha, NE 

Deposition 
Rate 

80 mg/m2/mo 

"Adapted from Hunt eta/. (1971) and U.S. EPA (1977). 
bFor 77 Midwestern U.S. cities, gathered for the fourth quarter 1968. 

Geometric Mean 
Deposition, 77 Cities, 
by Category 

Residential 5.2 

Commercial 9.8 

lndustrial12.8 

and organic litter covers. Some illustrative values are presented in 
Table 6.26 for U.S., European, and Asian locales. While the dust lead levels 
are elevated well above background amounts, they are simultaneously well 
below comparative figures from past decades of high leaded gasoline use. 
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Roadside Dust Lead Concentrations (f.Jvg/g) in 
:=;asoline Consumptiona,b 

Road Site(s) 

a. Busy road intersection 

b. Multiple sites 

Proximity to expressway 

Proximity to expressway 

Proximity to expressway 

"Street dust" 

Highways and tunnels 

"Street dusts" 

977). 

Dust lead 
Concentration 
(~g/g) 

12,800 

4000-8000 

6600 

3000-8000 

966-1213d 

10,000-20,000 

300-1 8,oooe 

Dust Lead Deposition Rates (mg/m2/mo) in 
::;asoline Consumptiona,b 

Deposition 
Rate 

:1 U.S. EPA (7977). 
ered for the fourth quarter 1968. 

Geometric Mean 

Deposition, 77 Cities, 
by Category 

Residential 5.2 

Commercial 9.8 

Industrial 12.8 

Some illustrative values are presented 
n, and Asian locales. While the dust lead 
kground amounts, they are simultaneously 
om past decades of high leaded gasoline use. 
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6.25 Illustrative Non-U.S., International Studies of Outside Dust 
Levels (j.tg/g) in the Period of Elevated Gasoline Pb Consumption 

Testing Sites 

Small urban areas 

Busy roadways, 
street dust 

Street dust 

Urban versus Rural 
street dusts 

Different test sites 

Dust lead 

level (~g/g) 

700-2,000 

500-2,500 

960-7,400 

130-3,900 

Urban, 970 
mean 

Rural, 85 mean 

Car parks (a) 
46,300 mean 

Car parks (b) 
4,560 mean 

Town center: 
2,130 mean 

Main roads: 
1,890 mean 

Residential areas: 
850 mean 

14 road areas in the 1,360-3,400 
city 

Roadways with high Mean= 5,000 
traffic density 

Street dusts in selected Mean= 1,160 
neighborhoods 

in Interior/Household Dusts 

References 

Fergusson and Ryan 
(1984) 

Deroanne-Bauvin 
et al. (1987) 

Lau and Wong 
(1982) 

Day et al. (1975) 

Harrison (1979) 

Jensen and Laxen 
(1985) 

Rameau (1 973) 

Fergusson and 
Schroeder (1985) 

to exterior leaded dusts, household and other interior dust lead 
pose a higher lead exposure risk to vulnerable human populations 

young children. More so than roadside or other exterior leaded dusts, 
dusts generally reflect more lead source inputs, the relative size of 

··---, 
I 
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TABLE 6.26 Illustrative International Studies of Road Dust Pb levels in 
Recent, Post-Gasoline lead Use Years 

Locale Road Type Pb level (ppm) References 

Means: 588 

Honolulu, HI 
Three paved 

470 
Sutherland et al. 

road areas (2003) 

151 

Reno-Sparks, Urban paved road -100 Gillies et al. (1999) 
NV 

Means: Urban 
paved road, 161 

Rural paved road, 
57 

Composite 

Six test areas paved road, 1 09 
San Joaquin 

of different Agricultural Chow et al. (2003) Valley, CA 
road types unpaved road, 58 

Residentbl 
unpaved road, 203 

Unpaved 
composite road, 
101 

Oslo, Norvvay Urban paved road 180 de Miguel et al. 
(1997) 

Madrid, Spain Urban paved road 1,927 de Miguel et al. 
(1997) 

Two urban paved 1,061 Ho et al., 2003 
Hong Kong 

roads 1,209 

these inputs depending on specific circumstances. For example, old, deterio
rated housing in United States' older, inner cities often have significant 
inputs from deteriorating leaded paints to household dusts. Interior/household 
dusts can also arise from factors other than purely environmental ones. 
Family members working in lead dust-generating industries and businesses 
pose the risk of secondary, indirect lead exposures of young children in the 
family when workplace dusts are brought home. The literature for house
hold/interior dusts typically does not assign origin of their lead content, but 
some extensive databases exist for source-specific contributors including 
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ed 

Pb Level (ppm) References 

Means: 588 

470 
Sutherland et al. 

_..:_ _____ (2003) 

151 

-100 

Means: Urban 
paved road, 1 61 

Rural paved road, 
57 

Composite 
paved road, 1 09 

Agricultural 
unpaved road, 58 

Residential 
unpaved road, 203 

Unpaved 
composite road, 
101 

180 

1,927 

1,061 

1,209 

Gillies et al. (1999) 

Chow et al. (2003) 

de Miguel et al. 
(1997) 

de Miguel et al. 
(1997) 

Ho et al., 2003 
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6.27 Illustrative International Household/Indoor Dust Levels (~gig) 

(~g/mz) 

OH (Various housing 

Dust Lead 

Concentration 

l~g/g) 

18-5,600 

70-16,000 

Mean: 720 

Range: 510-970 

610-740 

930-16,000 

43-13,600 

Median: 308 

1,133 (PMwl 

5,1401-lg/m2 

References 

Angle and Mcintire 
(1979) 

Clark et al. (1985) 

Harrison 1979 

Pinkerton et al. (1973) 

Needleman et al. 
(1974) 

Laxen et al. (1987) 

Adgate et al. (1998) 

Clayton et al. (1999) 

concerned with the relationship of deteriorating interior (and exterior) 

to interior dust lead health hazards. These data are included in the fol-

.<T11m>ln>ti,,e household dust lead amounts, as concentrations or loadings, 

in the United States and the United Kingdom are contained in 

6.27. Levels by bofb metrics are quite high, ranging in time from fbe 

to the late 1990s. This persistence of interior dust lead content 

into later years after leaded gasoline was removed from vehicular 

6.28 presents some typical reports of interior dust lead levels near 

smelters and other point sources situated around the world, covering 

decades. There is a considerable range of levels and relatively high 

values. In terms of source rankings, highest levels are associated with 

and secondary lead smelters, followed by residences impacted by 

and milling operations. Hartwell et aL (1983) reported median leaded 

values for lead -zinc and copper smelters of between 116 and 441 ppm, 

other data in Table 6.28 cite levels of several thousand ppm or even 



GEl lead and Public Health 

TABLE 6.28 Illustrative International Interior Dust Pb levels Around 
Smelters and Other Point Sources 

,'!, location Testing Area Dust Pb level (ppm) References 

Bartlesville, OK Zone closest to Zn 441 (median) Hartwell et al. 
smelter (1983) 

Palmerton, PA Zone closest to Zn 438 (median) Hartwell et al. 
smelter (1983) 

Ajo, AZ Zone closest to copper 116 (median) Hartwell et al. 
smelter (1983) 

Anaconda, MT Zone closest to copper 398 (median) Hartwell et al. :,: 
smelter (1983) ' 

Belgium <1 km from primary Pb 2,517 (estimated from Roels et al. 
smelter original figure) (1980) 

Trail, BC Area closest to primary 4,676 (floor) Hertzman et a!. 
Pb-Zn smelter 

9,014 (window) 
(1991) 

457-8,100 

Arnhem, the Proximity to secondary Mean== 1,140 
Diemel eta!. 

Netherlands Pb smelter (total Pb) 
(1981) 

Mean "" 1,050 (fine 
fraction) 

a. Mining area, 1,050-28,000 Derbyshire, high soil Pb Barltrop et al. 
U.K. 

(1975) 
b. Low soil Pb 130-3,000 

Telluride, CO former mining and 281 Succop et a!. 
milling area (1998) 

Midvale, UT former milling and 438 Succop et al. 
smelter site (1998) 

Butte, MT Former mining and 451 Succop et al. 
milling site (1998) 

Leadville, CO Former mining, milling, 638 Succop et al. 
and smelter site (1998) 

Pribram, Czech Proximity to Pb smelter 1,984 Rieuwerts and Republic 
Farago (1996) 

Shipham, U.K. Proximity to Pb mining 
site 

786 Thornton (1988) 

Port Pirie, Proximity to Pb smelter 1,407-4,590 (PM2sol Oliver et al. Australia 
(1999) 

1,693-6,799 (PMo;J 

(Continued) 
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:~tiona! Interior Dust Pb Levels Around 

1rces 

Dust Pb Level (ppm) References 

'n 441 (median) Hartwell eta\. 
(1983) 

en 438 (median) Hartwell et al. 
(1983) 

copper 116 (median) Hartwell eta\. 
(1983) 

copper 398 (median) Hartwell eta\. 
(1983) 

mary Pb 2,517 (estimated from Roels et al. 

original figure) (1980) 

primary 4,676 (floor) Hertzman et al. 
11991 I 

9,014 (window) 

457-8,100 

,condary 
Mean"" 1,140 Diemel et al. 
(total Pb) (19811 

Mean== 1,050 (fine 
fraction) 

1,050-28,000 
Barltrop eta\. 
(1975) 

130-3,000 

5 and 281 Succop et al. 
(1998) 

g and 438 Succop et al. 
(1998) 

,g and 451 Succop eta\. 
(1998) 

1g, milling, 638 Succop et al. 

,ite (1998) 

Pb smelter 1,984 Rieuwerts and 
Farago {1996) 

Pb mining 786 Thornton {1988) 

Pb smelter 1,407-4,590 {PM2sol Oliver et al. 

1,693-6,799 (PM,) 
(1999) 
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6.28 illustrative International Interior Dust Pb Levels Around 

and Other Point Sources-(cont.) 

Testing Area 

Proximity of primary 
Pb smelters 

Various distances 
from smelter 

Dust Pb Level (ppm) References 

1,598 Schilling and 
Bain (1988) 

0-1 mi: 36,853 

1-2 mi: 2,726 

2-3 mi: 2,234 

>4 mi: 2,151 

Landrigan et al. 
(1975) 

Mining and milling sites, as summarized by Succop et al. (1998), 
mean values of 281-451 ppm Pb. 

2001 U.S. national housing survey described for the case of lead 
also presented details of the relationships of interior dust lead levels 

Tables 6.29-6.31 show interior dust lead data for U.S. residential 
respect to lead paint-related housing variables: dust lead loadings 

versus interior surfaces at different threshold values for dust Pb 
6.29); interior dust lead loadings versus housing age (years of con

Table 6.30) at different threshold values for dust Pb; and the 
or presence of dust Pb hazards with respect to absence or presence 
(Table 6.31). Table 6.29 shows, for uncarpeted floors, that 8,512,000 

·hcms·ing units, or 9% of all such units, had interior dust lead at a loading 
, while the tally and percent fraction of units 2:40 ftg/fe, the cur-

HUD threshold for defining a floor lead hazard, was 2,449,000 or 
all U.S. housing. 

sill troughs showed dust lead loadings above the testing detec
for 78,936,000 units, 83% of all U.S. units. A total of 8,287,000 

of the total tally had window sill dust lead loadings at or above 
, the dust hazard value for window sills. Window troughs (window 

in 16,395,000 or 17% of U.S. housing showed surface Pb loading 
~g/ft2, the previous Pb hazard threshold value for troughs. The current 

well/trough Pb level, defined as "a clearance" rather than a "hazard" 
is 500 )..Lg/ft2 . The clearance value is a figure abatement contractors 
exceed for satisfactory hazard reduction or control. 
6.30 presents the distribution of dust lead loadings on bare floors, 

sills, and window troughs as a function of housing age, i.e., years 
the buildings were constructed. For all dust lead loading threshold 
for all three surfaces, the older the housing, the higher the number of 

I'' 
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TABLE 6.29 Distribution of Average Loadings (~gift'), All Interior Dust 
Lead, in U.S. Housinga,b 

Threshold Value, Estimated National 

Pb-Dust (~gift') Tally (000) 

Uncarpeted floors 

~10 8,512 

~20 4,843 

~40 2,449 

~100 966 

Window sills 

~Detection limit 78,936 

~125 13,875 

~250 8,287 

~sao 4,900 

Window troughs 

~Detection limit 72,349 

~8oo 16,395 

8 Adapted from NSLAH (2001). 
bDetection limits vary with tested surface, NSLAH (2001, Ch. 5). 

Percent of 

National Tally 

9 

5 

3 

83 

15 

9 

5 

76 

17 

units in that category and thereby the higher the fractional percentage, This 
is especially so for the threshold values corresponding to the U,S, HUD defi
nitions of the various surface dusts lead hazard loadings: 40, floors; 250, 
window sills; 800, window troughs, For uncarpeted floors. pre-1940 units 
accounted for 2,843,000 or 16% of dust lead measurements at or above the 
floor standard but 0% in units built between 1978 and 1998, The pre-1940 
versus 1978-1998 categories offer particularly striking comparisons for the 
dust Pb hazard values for window sills and troughs, 

The critical role of LBP in the distlibutions of dust Pb loadings on inte
rior surfaces recorded in Tables 6,29 and 6,30 can be seen in the data 
depicted in Table 63 L When LBP is present and in "good" condition as 
defined in the national survey, 33% of units had a dust Pb hazard as defined 
by the U,S, HUD (1999), but in cases of significant deterioration of the LBP 
present, the corresponding percentage was roughly double, 61%. The absence 
of LBP in the unit resulted in only 6% having a dust lead hazard of some 
type on some surface. 
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6.30 Distribution of Maximum Surface Dust Pb Loadings (f.J-g/m2
) in 

Housing as a Function of Construction Yearsa,b 

Housing Construction Years 

Pre~1940 1940-1959 1960-1977 1978-1998 

Number % Number % Number % Number 

(000) (000) (000) (OOO) 

4,996 

2,843 16 

1 '114 6 

16,803 96 18,779 91 24,729 89 21,823 

9,028 52 5,407 26 4,097 15 1,806 

6,943 40 3,712 18 1,755 6 1,029 

4,980 29 2,869 14 747 3 447 

trough Pb loadings 

14,143 86 16,406 so 20,319 73 20,969 

8,883 51 6,286 31 3,788 14 2,252 

from NSLAH (2001 ). 

limits vary with tested surface, NSLAH (2001, Ch. 5). 

6.31 Relationship of U.S. Housing Unitsa with or without Interior 

Lead Hazardsb as a Function of Interior LBPc 

No Interior LBP 

'Ad'"""fnw NSLAH (2001). 

hazard as defined by U.S. HUD (1999). 

defined by U.S. HUD (1999). 

LBP in Good 

Condition 

% 

4 

2 

70 

8 
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6.3.4 lead in Soils 

Natural or background levels of lead in soils are quite low and largely reflect 
the low levels of lead in the parent rocks giving rise to the uncontaminated 
soils. One exception would be elevated lead levels in those limited metallif. 
erous soils in regions of the world with that surface mineralogy and accorn. 
parrying extractive industrial activities. Background levels of lead have 
typically been determined by sampling done in two ways. The first is soil 
core testings in rural or remote areas assumed to be free of contaminating, 
i.e., anthropogenic, activity. The second approach consists of deeper soil 
core measurements and analysis of soil segments below any depth assumed 
to be reflective of anthropogenic activity. Both strategies require supportina 
data ruling out any artifactual but undetected anthropogenic contribution~ 
that result in higher lead contents than expected for the unaltered soiL 
Extremely low air lead values would indicate no or little atmospheric anthro
pogenic depositions of lead onto these soils that could artificially elevate 
levels over true background. Vertical strata samplings of soils would require 
some evidence that soil layers have not been altered through, e.g., farming, 
grading during property development, etc. Vertical invariance in serial deep
core soil testings would indicate the testing region is below depth~variable 
additions from anthropogenic activities. 

Measurements of soil Pb are critically dependent on the sampling meth
ods for data gathering. As an environmental medium, soil is quite complex 
in its chemical, physical, and physicochemical matrix characteristics and 
dependence of Pb content on distributions in the soil matrix. For example, 
ambient air Pb depositions on soil or depositions from lead-painted surlaces 
weathering, or reentrained dusts from waste sites distribute the element in 
soil with vertical and/or horizontal soil area variability. Air Pb typically 
deposits onto soils from the atmosphere in the top 2-5 em, owing to binding 
of Pb by bioorganic or geological material such as vegetative litter. Soil Pb 
also varies with distance from point or mobile sources in direct reflection of 
ambient air Pb. Lead releases from weathering exterior lead paint surfaces 
produce depositions proportional to distances of soil areas from the building 
foundation or "drip line." Increased Pb levels near the drip line may also 
occur to some extent from airborne Pb striking sides of buildings and fallout. 
However, this likelihood is ruled out when fronts and backs of structures 
show similar Pb levels. Anthropogenic Pb differs inversely with soil particu· 
late size with coarse fractions of soil having lower Pb content while Pb 
content increases with decreased soil particle size (Young et a!., 2002). This 
particular relationship is significant for measuring soil Pb relevant to human 
exposures because of the propensity for small particles to adhere to chil· 
dren' s hands and then be ingested. 

Shacklette et a!. (1971) reported an arithmetic mean of 20 f.Lg/g (ppm) 
and geometric mean of 16 ppm for 863 background soil lead samples at 
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sites, most of which were <30 ppm. These means were quite 
the arithmetic mean of 20 ppm reported for Canadian nonagricultural 
JV!c:Keag11e and Wolynetz (1980). Rural soils ill the Uuited Kingdom 

to have geometric means of 42 ppm (Davies, 1983) and 

(McGrath, 1986). 
is a global literature on the topic of lead contamination of soils, 

for industrialized countries. A notable feature of Pb in soils is its 
there, with studies showing a residence time or half-life estimated 

from decades to centuries (U.S. EPA, 2006). For example, Freitas 
reported a mean soil Pb of 2,694 ppm for samples gathered at a 

Ae.iim,ct Portuguese copper mining site worked in pre-Roman and 

times. 
:etenticm of Pb in soils translates to concentrations of the element which 

vary widely over time, in contrast to data for atmospheric Pb emis
which show considerably more rapid changes in response to source 

rates. As one consequence, alterations in metallurgical operations 
as primary lead smelters in the form of more efficient Pb emission con
lead to reductions in atmospheric air Pb and dustfall Pb but not reduc

lead content of nearby soils (Hilts, 2003). 
6.32 presents a range of largely urban soil Pb measurements gath-

using diverse sampling methods and for various purposes from around 
Soil Pb content for urban properties in the Uuited States typically 

over 1,000 ppm expressed in various metrics, and in some cases, well 
this figure. Central New Orleans, LA, provided measurements rangillg 
69,000 ppm. Yard soils were typically well above garden soil samples, 

from tilling soils when planting. The deeper the tillillg, the greater 
ve1,.1ca1 mixing of higher Pb levels in upper strata with lower concentra

deeper in the soils. Soils less impacted by typical Pb illput sources 

lower values. 
impact of exterior LBP weathering over time on adjacent, i.e., drip

and other perimeter soil, zones is apparent in Table 6.32. Ter Haar and 
(1974) found that soil Pb adjacent to LBP-containing wood frame 
was much higher ill Pb level than soil Pb levels 10 or 20ft from 

foundation. Urban Detroit, MI, soils showed Pb at 2,349 ppm at 2 ft 
versus a much lower 447 ppm at 10ft. Similar differences with 

tcneasi'ing distance were observed for nrral buildings. The levels of Pb in 
paints used in U.S. housing differed with housing age in both fre

of use and Pb concentrations or loadings used, so that the older the 
the higher the Pb content and the higher likelihood lead paint was 

. for exterior surfaces. Subsequent outside weathering of age-
pamted surfaces, in turn, would result in differing amounts of Pb in 

>ontigu,ous soils. Stark et al. (1982) showed that yard soils on lots with hous
in 1920-1929 were almost 10-fold higher in Pb content than were 

with younger units, built in 1970-1977. 
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TABlE 6.32 illustrative lead levels (~g/g, ppm) in Global Soils'·b,c 

Pb Concentration 
Locale Soil Sites (~g/g) References 

ii Various U.S. cities in a Urban soil 1,043 ppm iGMI' Clark eta!. 
U.S. HUD program collections (2004) 

!':!j Baltimore, MD: 'I Median 100 ! Baltimore, MD, Gardens or surface Chaney and 
t.'! St. Paul, MN soils sampling St. Paul, MN: Mielke (1 986) 

ii, 
I:! Median 228 

1',1' 
I Oakland: GN 897 

Three CA cities: Los Angeles: GM 
Sutton et al. Oakland, Los Angeles, Yard soils 188 
(1995) Sacramento 

Sacramento: GM 
227 

Central New Orleans, Soils Up to 69,000 TerHaar and 
LA Aranow (1974) 

Urban soils versus 2 ft, front: 2,349 TerHaar and Detroit, Ml 
frame house distance Aranow (1974) 10ft, front 447 

2 h: 2,529 

Rural area, Ml Soils versus frame 
10ft 609 

TerHaar and 
house distance Aranow (1974) 

20ft: 209 

Miami, FL Urban soils 93 Chirinje et al. 
(2004) 

Cincinnati, OH Roadside soils 59-1,980 Turer et al. 
(2001) 

Yard soils, variable 131,1970-1977 Stark et al. New Haven, CT 
housing ages (1982) 1,273, 1920-1929 

Charleston, SC Household soils 9-7,890, Galke et al. 
depending on (1975) 
traffic, LBP 

8,127: under 
bridge 

Soils around a 
Landrigan Chelsea, MA painted bridge being <30m: 3,272 
et al. (1982) remediated 30-80 m: 457 

i!;,l'.!i 
100m: 197 

' 

' 

i' (Continued) 
I:) i 

ij!:i 

! :· :!::1' 
'I,, 
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illustrative Lead Levels (~.g/g, ppm) in Global Soils''b''-(cont.) 

Pb Concentration 

Soil Sites (reg/g) References 

Urban soils 16-4,792 Angle and 
Mcintire 
(1982) 

Urban soils in Boston 
7-13,240 Rabinowitz 

and Bellinger 

area Mean== 702 (1988) 

Multiple cities urban 23-200 Badawy et al. 

soils 
(2002) 

Urban soils Up to 14,100 Culbard et al. 
(1988) 

Wellington urban GM: 21-1,890, Bates et al. 

soils near old housing increasing with (1995) 

housing age 

cities Urban area garden GMs: 43-336 Brunekreef 

soils 
et aL (1983) 

Urban soils in 48-54 O'Heany et a\. 

Toronto, Windsor 
(1988) 

not affected by smelting, mining, and milling. 
of leaded gasoline use or recent phaseout data. 

soil-sampling methods used. 
geometric mean. 

soil Pb values outside the United States show similar marked ele-
over background values. Culbard et al. (1988), for example, reported 

soils ranging up to 14,100 ppm. Urban soils adjacent to LBP
housing in older sections of Wellington, New Zealand, were found 
in Pb content with increasing housing age (Bates et al., 1995). 

large database has developed with reference to soil Pb values derived 
from Pb point sources, particularly smelting, milling, and mining 

These point sources are often in rural areas, especially primary metal 
where extractive industrial activity will typically be the dominant 

ttri.butor of Pb emissions to site and nearby community soils. By contrast, 
Pb smelters or lead-acid battery manufacturing plants may be 

in either rural or urban/suburban areas. Soil Pb contamination from 
itntcti1ve industrial operations can occur through several pathways: deposi

of point source-generated atmospheric Pb, fugitive dusts windblown 

il 
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from on-site storage to soils offsite, or by deposition of windborne Pb dusts 
from tailing waste piles on community yards. 

One of the largest extractive industry sites in the world was the Bunker 
Hill lead and zinc smelting, milling, and mining complex in the Silver 
Valley of Idaho. This site, closed in 1981 after more than a century of opera. 
lion, soon became a U.S. EPA Superfund hazardous waste site. In the early 
1970s, while the complex was still operating, an extensive series of environ
mental contamination studies began over concerns about childhood lead poi
sonings within nearby communities (Walter eta!., 1980; Yanke! eta!., 1977) 
and was followed by multiple environmental regulatory characterizations of 
the Bunker Hill complex and its contiguous communities. These characteri
zations included the nature and extent of the Bunker Hill Pb waste stream 
within and downstream of the complex, including the levels of Pb and other 
geochemical contaminants in soils, dusts, air, and plant life as well as expo
sure levels in humans and ecological populations. 

Table 6.33 is a tally of soil Pb levels measured within two communities 
significantly impacted by the Bunker Hill operations, Kellogg and 
Smelterville, ID, for the period 1974-1993, a period bracketing many of the 

TABLE 6.33 Average Soil Pb levels (~gig, ppm) Versus Calendar Years of 
Intervention at the Silver Valley, ID, Smelter Sitea,h,c,d 

Kellogg. ID" Smelterville, IDe 

Year AM' GM' AM' GM' 
1974 3,073 2,255 7,386 5,770 
1975 3,918 2,658 5,581 3,907 
1983 6,231 4,188 
1988 3,195 2,609 2,932 2,198 
1989 2,880 2,376 2,900 1,725 
1990 1,572 608 1,906 719 
1991 846 226 1,180 292 
1992 994 276 1,264 292 
1993 772 223 1,639 339 

a Adapted from Terra Graphics Environmental Engineering (2000) as prepared for Idaho Department 
of Health and Welfare. 
6

For the years 1974-7 993. 
cSmelting operation ended in 1987. 
dOesignated a Superfund site by the EPA. 
eCommunity highly affected by Pb emissions. 
rAM, arithmetic mean; CM, geometric mean. 
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of communities within the Bunker Hill impact zone. Clearly evident 
declines in soil Pb levels in both communities, indexed as either 

or geometric mean values. Soil Pb levels at the time of little soil 
1974 and 1975, indicated lead values in the thousands of 

For example, the arithanetic means for Smelterville, ID, soil Pb values 
and 1975 were 7,386 and 5,581 ppm, respectively. Associated 

for the geometric means were 5,770 and 3,907 ppm, respectively. 
pb arithmetic mean in Smelterville in 1993, well after removals of 

soils exceeding the Pb action level were under way, was 
while the geometric mean was 300 ppm. 

of increased Pb contamination from other extractive industry 
sources of Pb has been seen in and around neighboring communities. 
6.34 summarizes some illustrative examples. Leadville, CO, the site of 
decades of smelting, milling, and mining activities dating to the nine
century, had a soil Pb mean (geometric) of 1,763 ppm (Colorado 

of Health, 1990). A large lead-zinc smelter in Trail, British 
Canada, produced group means of soil Pb of 225-1,800ppm 

et aL, 1978), values not materially different from later testings in this 
with changes in emission controls (Hilts, 2003). Derbyshire, 

Kingdom, where lead mining occurred over several hundred years, 
group means in soil Pb ranging from 420 to 13,969 ppm. 

typical feature of extractive industry primary and secondary smelters 
jc<muuninating point sources is the inverse relationship of soil Pb levels to 

from the emitting sources to the soil being tested. The quantitative 
of tills inverse relationsbip are affected by height of stack, tapa
features of the areas, wind patterns, and other meteorological fea-

such as rainfall, etc. Godin et aL (1985) examined soil Pb versus dis
at several smelter sites. Liu (2003) reported the soil Pb values at 

distance (m) from several smelters: 313 ppm, 100m; 217 ppm, 
m; 110 ppm, 10,000 m; 57 ppm, 20,000 m; 33 ppm, 30,000 m. 

2001 U.S. NSLAH included data for residential soil Pb levels associ-
with U.S. housing units characterized in various ways: number and per

distributions by soil Pb thresholds, distribution by soil Pb thresholds 
age, and distribution by absence or presence of significantly 

lpteriOJrate'd exterior LBP surfaces. Collectively, these data define the rela
of lead paint to soil lead values in and around LBP residential units. 

6.35 indicates that 15,299,000 U.S. housing units, 16% of the total, 
associated with soil Pb levels of 200 ppm or higher. The 400 ppm or 

soil Pb level, which for bare, play area soils defines a regulatory soil 
hazard level, was projected to be found at ahnost 10 million housing 

10% of all residences. Soil Pb values of 5,000 ppm or higher were pro
to be found at 1,580,000 U.S. units, or 2% of all units. 

age of U.S. housing, i.e., the year of construction, has a significant 
on the distribution of soil Pb values ranked by differing soil Pb 
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TABLE 6.34 Other Illustrative Soil Pb levels in Proximity to Smelting, 
Milling, and Mining Point Sourcesa,b,c 

Pb Concentration 
locale (~g/g, ppm) References 

Jasper County, MO, U.S.A. 574 Murgueytio et al. 
(1998) 

1,110d 
Colorado Department Leadville, CO, U.S.A. 

1 ,763e of Health (1990) 

Median== 148, white 
children's homes 

Ottawa County, OK, U.S.A. Median= 103, Native Malcoe eta!. (2002) 

American children's 
homes 

Midvale, UT, U.S.A. 2951 
Bornschein et al. (l991 J 

Sandy, UT, U .SA 362{ Succop et al. {1998) 

Bartlesville, OK, U.S.A. 82lf Hartwell eta!. (1983) 

Palmerton, PA, U.S.A. 331g Hartwell et al. (1983) 

Anaconda, MT, U.S.A. 424' Hartwell et al. (1983) 

Derbyshire, U.K. 420-13,969, Barltrop eta!. (1975) 
group means 

Trail, BC, Canada 225-1,800, Neri et al. (1978) 
group means 

Trail, BC, Canada GMs: 559-2,002, areas Hertzman et al. (1991) 
closest to smelter 

Arnhem, the Netherlands 240f Diemel et al. (1981) 

a urban or rural soils affected by smelting, mil!ing, or mining activities. 
blncludes past and present industry history. 
cvarious soil-sampling methods. 
dFron1 yard soil, geometric mean. 
"Front yard soil, arithmetic mean. 
rcarden soil. 
gResults closest to smelter. 

thresholds. In Table 6.36, for pre-1940 housing, the oldest age group, the 
regulatory bare soil Pb hazard level of 400 ppm or higher was encountered 
in 11,613,000 U.S. residences, or 67% of all U.S. housing built before 
1940. The very high soil Pb threshold of 5,000 ppm or higher was seen in 
almost 2 million units, or 11%. By contrast, the newest housing, built in 
1978-1998, showed no discernible percentage at or above 400 ppm. 
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1urcesa,b,c 

Pb Concentration 

(~g/g, ppm) 

574 

Median= 148, white 
children's homes 

Median= 103, Native 
American children's 
homes 

420-13,969, 
group means 

225-1,800, 
group means 

GMs: 559-2,002, areas 

closest to smelter 

~/ting, milling, or mining activities. 

1istory 

References 

Murgueytio et al. 
(1998) 

Colorado Department 
of Health (1990) 

Malcoe et al. (2002) 

Hartwell et al. (1983) 

Barltrop et al. (1975) 

Neri et al. (1978) 

Hertzman et al. (1991) 

Diemel et a!. (1981) 
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Distribution of Maximum Soil Pb Levels in U.S. Housing for 

Thresholds: Unit Counts and Percentagesa,b,c 

NSLAH (2001), 
co: 95,688,000. 

1 methods in original report. 

Number (000) 

15,299 

9,996 

6,271 

3,124 

1,580 

% of All U.S. Units 

16 

10 

7 

3 

2 

6.36 Maximum Soil Pb Distributions in U.S. Housing for Indicated 

Thresholds as a Function of Construction Yearsa,b,c 

Years of Construction 

Pre-1940 1940-1959 1960-1977 1978-1998 

Number %' 
Number %d Number %d Number %d 

(000) (000) (000) (000) 

13,314 76 9,950 48 4,495 16 1,476 5 

11,613 67 6,283 31 2A10 9 84 0 

6,536 37 3,922 19 686 3 - 0 

3,929 23 2,194 11 686 3 0 

1,891 11 865 4 231 0 

NSLAH (2001 ). 
soils. 
described in original report. 

units in the indicated age period. 

6,37 indicates that the absence or presence of significantly deterio

exterior LBP is a major factor in soil Pb concentration, At the 400 ppm 

bare soil hazard level, the presence of significantly deteriorated 

LBP increases the Pb concentration almost fourfold (30% versus 

The ratios are even more telling at the upper end of the soil Pb thresh

With significant LBP deterioration, soils with Pb :25,000 ppm are abcut 

higher than test sites without LBP, 
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TABLE 6.37 Bare Soil Pb Percentage Distributions in U.S. Housing for 
Indicated Soil Pb Thresholds in the Absence or Presence of Significant 
Exterior LBP Deteriorationa,b,c 

Percent Versus Significant Exterior 
LBP Deterioration Status Threshold Bare 

Soil Pb (ppm) Not Deteriorated Deteriorated 

2::200 

2::400 

2::1,200 

2::2,000 

2::5,000 

~Adapted from NSLAH (2001). 
hAl/samplings. 

13 

8 

4 

2 

csampling methods described in original report. 

6.3.5 lead in Human Diets 

39 

30 

24 

13 

8 

Naturally occurring levels of Pb in diets consumed by early peoples have not 
been extensively studied. Settle and Patterson (1980), using careful labora
tory techniques, reported that fresh albacore muscle in prehistoric times was 
one-tenth that of modern catches. Anchovies, similarly, were enriched in Pb 
content by 10-fold, from 2.1 to 21 ppb. Patterson (1982) found that edible 
plant Pb content averaged up to 2.0 ppb in prehistoric times. 

Lead in the diet has long been known to be a significant source of 
ingested lead in human populations, with records of lead ingestion at toxic 
levels tracing back to at least the Greco-Roman and Roman eras (Nriagu, 
1983a,b, 1985 and other citations, Ch. 2). The intervening centuries have 
recorded considerable evidence of dietary lead exposures. The very early 
record does not distinguish vulnerability to effects of dietary lead across sub
sets of human populations, but by the late nineteenth century episodes of 
childhood poisonings from lead ingestion were recorded. Stewart (1887, 
1895) reported the poisoning of children in Philadelphia, PA, from bakery 
product coloring adulterated with lead chromate and possibly mixed with 
other lead compounds, producing yellow and highly toxic icings. A number 
of children died. 

Dietary lead differs from other media-specific lead sources and pathways 
for human populations in a number of ways. Lead in soils and dusts typically 
affects youug children more than adults, while food Pb can produce more Pb 
intakes and exposures in adults or, equally, children and adults. Dietary 
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8 30 
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2 13 
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acquire Pb via various, complex mechanisms. For example, lea
can acquire Pb by foliar deposition of airborne lead or by 

contaminated soils. Canned foods are further contaminated 
i'pr:oc•essing methods and lead-seamed cans, a common food container 

recently. Lead can bind to foods cooked in Ph-contaminated 

water through Pb transfer from water. 
components differ greatly in lead content, reflecting in part differ
production and distribution. Food Pb intakes differ as a function of, 
consumption habits. This has requrred attentlon not only to concen

lead in classes of dietary components but also to quantities of 
;co.mpommts consumed on a typical or daily basis. Various national or 

surveys, for that reason, have determined and repmted both 
Pb in diet categories and population consumption patterns to permit 

jficati<Jll of net exposures to lead in met. 
reports on dietary Pb measure lead content in diet distinct from any 

in water used for preparation of beverages or food. This chapter 
drinking water Pb separately, and attempts to address the additive 

of water Pb intakes from beverages and prepared foods when such 

be separately identified. 
food supplies in industrialized or developed societies are often 
so that national food Pb surveys in, e.g., the United States and/or 

provide relevant information about typical exposures across regions 
f'demc•gr•tphic subsets of the population. There are idiosyncratic excep-

to this rule, however, in the case of ethnic foods such as canned goods 
containers imported for traditional local or selective 

nature and extent of Pb intakes from diet are quite dependent on 
host factors of age, gender, socioeconomic status, lifestyle practices, 

Hr!Ta·nrs consuming infant formula reconstituted from tap water differ in 
intakes from older children consuming baby foods, and the latter dif
still older children consuming foods in patterns resembling those of 

Pb content is affected by contamination of dietary components on 
different time scale than either ambient air Pb at one temporal 
(shortest) or soil and roadside dust Pb on the other. Food grown in 

with air Pb deposition on those crops will reflect deposition rates from 
the entire growing season, regardless of whether atmospheric emis-

vary markedly over that interval. Root crops will sustain some uptake 
the root system and by root surface contamination. Canned goods 

an acidic matrix and stored in lead-seamed cans may have lead leaching 

time of storage before use. 
in the diet comes from dietary components whose concentrations of 

element are relatively low, compared to levels of the substance in, say, 
and soils. However, unlike these other environmental media, intalces of 
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Pb in diet on a daily or other time scale entail much larger amounts in terrns 
of relative mass. For example, adults typically will consume only sman 
amounts of lead in dusts and soils, 25-150 mg for various age bands, While 
ingesting food at a daily rate of 1 kg or more. Consequently, total daily 
intake of 100 mg of dust having a concentration of 1,000 ppm Pb yields the 
same Pb intake as 0.1 ppm Pb in 1.0 kg of diet. Other factors differentiating 
diet Pb from Pb in other media can potentially include a higher relative bio. 
availability of food Pb once ingested. 

Pb in dietary components at low concentrations versus Pb in other media 
dictates the need for quite sensitive measurement and sampling methods 
methods that only became available for routine use in the mid-late 1970s: 
One should therefore be cautious in evaluating earlier Pb in human diets 
measurement data. 

It can generally be said that, at least for food supplies consumed in devel
oped or industrialized nations, dietary lead has declined over the past several 
decades, owing to declines in Pb released to food components, e.g., major 
reductions in lead-seamed can use to virtually zero, and reduced ambient air 
Pb levels. For example, evaporated milk in lead-seamed cans was heavily 
contaminated by Pb leaching from the seams, with Mitchell and Aldous 
(1974) reporting an average evaporated milk value of 202 ~g/1 and a range 
up to 820 ~g/1. This section presents data for several blocks of time, from the 
1960s-1970s to the present. This is done for the same reason a longer tem
poral reach was used for air and other media Pb emissions over time. Body 
Pb accumulations in older segments of human populations reflect Pb intakes 
and bone Pb deposition in past years. These reservoirs of body Pb can be 
sources of toxic exposures through Pb resorption to blood. 

National and International Dietary Pb Surveys 

A number of dietary Pb surveys have been carried out in the United States 
and around the world. Summaries of these surveys are presented in this sec
tion. Some surveys have simply reported descriptive statistics for lead con
centrations in dietary groups and levels of Pb in individual food components 
within those groups, e.g., measured Pb levels in cereals as a group. Other 
surveys have reported Pb levels in dietary components and coupled these 
with consumption patterns to provide intakes of food Pb in some time frame, 
typically as daily total intakes. Some survey reports have mainly concerned 
themselves with total dietary Pb intakes. This chapter confines itself to Pb 
levels in foods and presents intakes and uptakes in the context of human 
exposures in later sections. 

Early attempts at quantifying Pb in human diet were plagued by absence 
of appropriate statistical survey methods, limited reach of any survey, and 
the problematic nature of measurement methods in terms of laboratory sensi
tivity and specificity, clean-laboratory techniques, etc. The question of 
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a critical one, given that even in contaminated enviromnents 

occurs at much lower levels than in dusts and soils. The 1961 

Sclrroed<or and Balassa of U.S. unprocessed food components found 

of 0-1.3 ppm, vegetables; 0-1.4 ppm, grains; 0-3.7 ppm for 
0.2-2.5 ppm, seafoods; 0-1.5 ppm, condiments. 

Food and Drug Administration (U.S. FDA) has been doing sur

and other contantinants in the U.S. food supply since the 1970s. 
of these surveys and their results have varied over the years, 

mbinatiOJlS of food-specific Pb content, Pb content of food groups, 
subset-specific dietary Pb consumption rates. The U.S. FDA 

Program Evaluation for Fiscal Year 1974 (summarized in U.S. 

included the Heavy Metals in Food Survey. Throughout the U.S. 

efforts, special focus has been on dietary lead ingestion rates in 

toddlers, as well as older children. Besides greater toxicological 
the very young consume food at an age- and weight-specific 

to threefold higher than the rates for adults. 
U.S. FDA survey offers some general conclusions. Most nota

foods typically had much higher Pb content than fresh food 

other Ph-contributing factors being more or less equal. For exam-

adult food consumptions, the average Pb content for canned foods, 

was more than twice that for noncanned samples, 0.16 ppm. Infant 

contents included 0.33 ppm for juices and 0.09 ppm for food in jars . 

food Pb surveys were carried out in the 1970s and 1980s. The 

ompreheilSl'le U.S. survey was done by the U.S. FDA using various 

data, including groupings of U.S. foods for total diet profiles and 
of diet components within these groupings (Beloian 1985; 

1983; U.S. EPA, !986a; U.S. FDA, 1985). 
6.38 lists illustrative food Pb concentrations that equal or exceed 

Pb fresh weight for food groups and individual foods within the 

for the U.S. population via market-basket surveys and across eight 

groups. Items were drawn from the total diet list of Pennington 

presented in U.S. EPA (1986a), and U.S. FDA (1985). Overall, 

content at that time was significantly below 1.00 ppm and most 

<0.100 ppm. Carmed foods were the major category of higher Ph

foods. Of the canned products, the more acidic food items were higher 

Comparing canned tomatoes, tomato sauce, and sauerkraut with 

'""<Uit>u fruit and vegetables, the Pb levels were one or more orders of 

above natural values and represented increments of Pb contamina

the U.S. food supply during growing, processing, and marketing. 

sources for this contamination were airborne Pb deposition and lead
cans. 

early 1980s, a second source of food Pb survey data was the 1982 

Foundation Report on the safety of Pb and Pb salts. A portion of 

tabulated U.S. and Canadian food supply lead levels. Table 6.39 

,'\ 



TABLE 6.38 lead Content of U.S. Dietary Items Having Pb levels 
;>,0.05 ~gig, 1970s-Early 1980s"•b,c 

Category Number Food Item Mean (~g/g) 

8 Evaporated milk 0.083 

27 Beef liver 0.083 

32 Canned tuna 0.159 

39 Canned pork and beans 0.130 

45 Canned green peas 0.136 

55 Canned corn 0.111 

56 Canned creamed corn 0.102 

57 White dinner rolls 0.084 

82 Canned peaches 0.223 

84 Canned applesauce 0.094 

87 Canned fruit cocktail 0.221 

93 Canned pineapple 0.093 

101 Canned grape juice 0.053 

104 Canned orange juice 0.053 

106 Canned spinach 0.649 

108 Frozen collards 0.074 

112 Canned sauerkraut 0.524 

118 Canned tomato juice 0.084 

119 Canned tomato sauce 0.258 

120 Canned tomatoes 0.218 

122 Canned green beans 0.099 

129 Canned mixed vegetables 0.081 

130 Canned mushrooms 0.255 

131 Canned beets 0.103 

142 Spaghetti with meat sauce 0.136 

145 Chili, beef, and beans 0.102 

148 Meat loaf 0.093 

150 Lasagna 0.070 

(Continued) 
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1t of U.S. Dietary Items Having Pb Levels 
1980sa,b,c 

Food Item 

Evaporated milk 

Beef liver 

Canned tuna 

Canned pork and beans 

Canned green peas 

Canned corn 

Canned creamed corn 

White dinner rolls 

Canned peaches 

Canned applesauce 

Canned fruit cocktail 

Canned pineapple 

Canned grape juice 

Canned orange juice 

Canned spinach 

Frozen collards 

Canned sauerkraut 

Canned tomato juice 0.084 

Canned tomato sauce 0.258 

Canned tomatoes 0.218 

Canned green beans 0.099 

Canned mixed vegetables 0.081 

Canned mushrooms 0.255 

Canned beets 0.103 

Spaghetti with meat sauce 0.136 

Chili, beef, and beans 0.102 

Meat loaf 0.093 

Lasagna 0.070 

Lead in Media Relevant to Human Lead Exposures 

Lead Content of U.S. Dietary Items Having Pb Levels 
1970s-Early 1980s'·b,c- (cont.) 

Food Item Mean (~g/g) 

Pork chow mein 0.076 

Canned vegetable soup 0.073 

sandwich 0.058 

candy 0.073 

powder 0.055 

. 7, Appendix 0); U.S. FDA (7985). 
fou.c m."k<et-b«>k•etsurveys, 1970s-earfy 1980s, and across eight age/sex groups. 

•<fnndU;t .at Pennington (1983). 

Pb content data for illustrative U.S. foods within 12 food groups, 
sugar items, desserts, and various types of beverages. Lead levels 

for uncanned foods and canned foods where indicated. In the 
group (canned), evaporated milk at 0.05-0.06 ppm Pb and 

and drinks ranked highest. Uncanned baby juices and drinks 
about half that of canned product. The highest food Pb value 

group not in cans was butter at 0.07 ppm, while canned milk 
overall, at 0.10-0.13 ppm. 

meat/pcmltry1'fish group had highest Pb levels overall, in terms of 
canned forms. Canned foods Pb in this group was in the range 
ppm. Cereals, potatoes, and leafy vegetables were intermediate in 

and canned foods in these groups were two- to threefold higher 
'[~,:bhJm:an,ned items. Root vegetables such as carrots and beets were 

high in Pb, canned forms being 6- to 10-fold higher than uncanned 

in the garden vegetables, fruits, oils/fats, sugar items and desserts, 
generally were relatively lower in Pb content. Again, canned 

these food groups were higher in Pb than uncanned exanJples, up to 
higher in some cases. 

6.40 illustrates those Pb values in U.S. food items recorded from 
sources during the 1990s, limited to reported concentrations at or 

~.ii1dic:atc:d Pb concentrations. The data from Dudka and Miller (1999) 
;:::Q.03 ppm are presented as concentrations per food mass, while the 

Diet Survey records Pb content 2:2.0 ~g/individual serving. Root 
vegetables were significantly elevated compared to other items in 
and Miller report while the FDA survey noted, as was the case in 
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TABlE 6.39 lead Levels in Selected U.S. Dietary Items from the 1982 
Nutrition Foundation Report on Safety of Lead and lead Salts 
in Fooda,b,c 

Lead levels (Jtg/g, ppm) 

Food Group Food Item Uncanned Canned 
!;; 

i: lj Milk substitute 0.02 

Mother's milk 0.03 

Baby foods 
Evaporated milk 0.05-0.05 

MeaVmeat dinners 0.03-0.04 

Vegetables 0.04 

juices and drinks 0.03 0.06 

Milk 0.02 0.10-0.13 

Dairy products Cheese 0.05 

Butter 0.07 

Beef, pork, lamb-veal 0.06 0.24 

Poultry 0.12 0.24 

Fish, excludes sardines 0.04-0.08 0.21-0.51 
Meat, poultry, fish 

Sardines 0.65 1.5 

Eggs 0.17 

Cold cuts 0.06 0.24 

Breads 0.08 

Flours 0.05 

Cakes, cookies 0.03-0.05 
i 

Cereals Hot cereals i'i'l 0.02 
i 

i ~ i Ready-to-eat cereals 0.11 

Rice, pasta 0.06 0.11 

Corn 0.01 

White cooked 0.05 0.12 
Potatoes 

Sweet potatoes 0.08 0.25 

(Continued) 
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elected U.S. Dietary Items from the 1982 

t on Safety of Lead and Lead Salts 

0.02 

e 0.05 

0.07 

pork, lamb-veal 0.06 0.24 

y 0.12 0.24 

;xcludes sardines 0.04-0.08 

1es 0.65 1.5 

0.17 

:uts 0.06 0.24 

0.08 

0.05 

, cookies 0.03-0.05 

::reals 0.02 

·-to-eat cereals 0.11 

pasta 0.06 0.11 

0.01 

·cooked 0.05 0.12 

potatoes 0.08 0.25 

(Continued) 

6 Lead in Media Relevant to Human Lead Exposures 

Lead Levels in Selected U.S. Dietary Items from the 1982 

Foundation Report on Safety of Lead and Lead Salts 

'-(cont) 

Lead Levels (~g/g, ppm) 

Food Item Uncanned Canned 

Cabbage, broccoli 0.01-0.04 0.08 

Lettuce, other greens 0.12-0.15 0.39 

Salads 0.03-0.08 0.17 

Beans 0.01-0.04 0.16-0.?2 

Peas 0.03 0.27 

Soups 0.04 0.10-0.13 

Carrots 0.14 0.13 

Onions 0.18 0.32 

Beets 0.01 0.10-0.11 

Parsnips, turnips 0.05 0.32 

Tomatoes 0.05-0.08 0.30-0.37 

Tomato paste 0.03 0.19-0.47 

Tomato juice 0.05 0.22 

Squash, pumpkin 0.03 0.36 

Peppers 0.02 0.32 

juices 0.01-0.02 0.12-0.13 

Citrus 0.01 0.39 

Apples 0.02 0.22 

Apple juice 0.02 0.13 

Cherries 0.02 0.39 

Cranberries 0.05 0.25 

Grapes 0.01 0.28 

Peaches 0.01-0.03 0.19-0.39 

Pears 0.02 0.18-0.19 

(Continued) 
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TABLE 6.39 Lead Levels in Selected U.S. Dietary Items from the 1982 
Nutrition Foundation Report on Safety of Lead and Lead Salts 
in Fooda,b,c_(cont.) 

Lead Levels (f-Lg/g, pptn) 

Food Group Food Item Uncanned 

Salad dressing 0.01-0.02 

Oils and Fats Cooking oils 0.02 

Nuts 0.02 

Sugar 0.03 

Chocolate 0.08 

Sugar, desserts, Candy 0.03 

jellies, etc. Puddings 0.01-0.03 

Jellies 0.01 

Pickles, olives 0.10 

Soft drinks 0.01-0.02 

Coffee 0.01 
Beverages 

Tea 0.01 

Alcoholic beverages 0.01 

"Adapted from combined US surveys in Nutrition Foundation (1982) report. 
6 Twefve food groups; incfudes beverages. 
"Uncanned, plus canned levels where available. 

Canned 

0.10 

0.20 

0.70 

0.14-0.21 

O.o7 

0.02 

earlier surveys, that canned foods were significantly higher in Pb content than 
uncanned items. Among beverages, wine was highest at 7.7 f..lg/serving. 

The most recent year for FDA snrvey efforts was 2004. The raw data set 
had all classes of contaminants and hundreds of food items containing each 
of those substances. Some food items shown in earlier surveys are not listed 
in fhe 2004 compilation. while some foods in this latest snrvey do not appear 
in earlier surveys. For purposes of this chapter. FDA 2004 dietary Pb data 
were first isolated from the full data set. Selected food items were then tabu
lated. Table 6.41 provides the illustrative 2004 data. along with Pb detection 
and quantitation measurement limits. It is readily apparent from Table 6.41 
that virtually all foods in the U.S. FDA (2004) diet snrvey were very low in 
Pb, most items presenting as not measurable, or at trace (ppb) values. This 
marked decline for lead content in the U.S. diet is generally consistent with 
the removal of lead in gasoline, the abandonment of any lead-seamed 
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6 Lead in Media Relevant to Human Lead Exposures 

Illustrative Pb Levels in the U.S. Diet Reported for 1990s 

Concentration 

11glg, ppm, ~0.03 ppm 

0.21 

0.19 

0.21 

0.53 

0.05 

0.04 

0.04 

0.03 

f-Lg/Serving, ?2.0 ll·g/serving 

8.5 

7.1 

2.4 

6.0 

4.9 

2.6 

7.7 

Dudka and Miller (1999) and FDA TDS, )uberg eta/. (1997). 

'uoccootam inato'd soi Is. 
·. in original sources. 

either unit of mass (ppm) or serving (FDA TOS). 

for canned foods, and the reduction of lead in typical food produc

transport. 
noted earlier, using lead-seamed cans for canned foods was, in some 

the major contributor to Pb contamination of foodstuffs in cans. 

eta!. (1991), for example, reported Pb concentrations in canned foods 

and without lead-seamed construction, as seen in Table 6.42. Ratios 

levels in lead-seamed can contents were manyfold higher than for 

without Pb. For example, canned vegetable soup Pb levels 

.eacl-se:amted cans were 18-fold higher, 0.18, versus 0.01 ppm Pb in cans 
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TABlE 6.41 lead levels in Selected Food Items for the U.S. FDA Total 
Diet Survey (2004)a,b,c 

Average 

Food Number Food Name Concentration/ppm 

1 Milk, whole fluid TR 0.002 

3 Milk, chocolate, lowfat, fluid TR 0.002 

10 Cheese, American, processed TR 0.005 

12 Cheese, cheddar, natural 0.000 
(sharp/mild) 

13 Beef, ground, regular, pan-cooked TR 0.006 

17 Ham, cured (not canned), baked 0.000 

18 Pork chop, pan-cooked with oil TR 0.003 

20 Pork bacon, oven-cooked 0.000 

21 Pork roast, loin, oven-roasted 0.000 

26 Turkey breast, oven-roasted 0.000 

29 Bologna (beef/pork) TR 0.005 

34 Fish sticks or patty, frozen, TR 0.003 
oven-cooked 

35 Eggs, scrambled with oil 0.000 

39 Pork and beans, canned 0.000 

42 Lima beans, immature, frozen, boiled 0.000 

46 Peas, green, frozen, boiled TR 0.002 

47 Peanut butter, creamy TR 0.008 

50 Rice, white, enriched, cooked 0.000 

54 Corn, fresh/frozen, boiled 0.000 

55 Corn, canned TR 0.002 

58 Bread, white, enriched 0.000 

69 Noodles, egg, enriched, boiled TR 0.004 

71 Corn flakes cereal TR 0.005 

73 Shredded wheat cereal TR 0.006 

78 Apple (red), raw (with peel) 0.000 

so Banana, raw 0.000 

(Continued) 
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Average 
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> cereal TR 0.005 
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Lead in Media Relevant to Human Lead Exposures 

Lead Levels in Selected Food Items for the U.S. FDA Total 

(2004l'"b.c- (cont.) 

Average 

Concentration/ppm 

0.000 

0.000 

TR 0.009 

TR 0.010 

0.000 

TR 0.005 

TR 0.005 

TR 0.005 

0.000 

0.000 

0.000 

0.000 

0.000 

TR 0.003 

TR 0.003 

TR 0.002 

0.000 

TR 0.004 

0.000 

TR 0.011 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

(Continued) 
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TABLE 6.41 Lead Levels in Selected Food Items for the U.S. FDA Total 
Diet Survey (2004)"•b,c_(cont.) 

Average 
Food Number Food Name Concentration/ppm 

187 Candy bar, milk chocolate, plain TR 0.015 

191 Carbonated beverage, cola, regular 0.000 

194 Carbonated beverage, cola, 0.000 
low-calorie 

197 Tea, from tea bag 0.000 

198 Beer 0.000 

199 Wine, dry table, red/white TR 0.008 

a Accessed from US. FDA database online, November 22,2010 http://www.fda.gov/Food! 
FoodSafety!FoodContam i nantsAdu lteralioi1!T ota I 0 ietStudy!ucm 1842 93. htm. 
bSe/ected to represent illustrative major US. dietary components. 
cTR = trace concentration. 

TABLE 6.42 U.S. Total Diet Pb Survey for Canned Foods (~gig): Lead 
Levels in Pb~Seamed versus Non~Pb~Seamed Cansa,b,c 

Pb Level, 
Canned Food Item Lead Cansd 

Tuna 0.77 

Orange juice 0.08 

Applesauce 0.26 

Apple juice 0.10 

Fruit punch 0.08 

String beans 0.26 

Baked beans 0.27 

Tomatoes 0.27 

Chicken noodle soup 0.12 

Vegetable soup 0.18 

8Adapted from Capar (7990) and Bolger eta/. (1991). 
6Adufi" canned foods also eaten by young children. 
cFor fiscal years 1982-1985. 
dRounding. 
eNot reported; Bolger et a!. (1991 ). 

Pb Level, 

Nonlead Cansd 

0.05 

0.02 

0.08 

0.02 

0.03 

0.03 

0.02 

0.03 

N.R.e 

0.01 
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0.27 
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0.18 

Bolger el a/. (1991). 
JY young children. 

1). 

0.05 

0.02 

0.08 

Lead in Media Relevant to Human Lead Exposures 

Changes in Production of Lead-Soldered Food Cans (Millions) 

Number of Pb-Soldered 

1,626 

11117 

% Pb-Seamed Units of 

Total Productiond 

by CM/; Communication of August 27, 1990 by R.R. Budway, CMI 
P. Mushak. 

cans fabricated wilh Pb. 

impact of lead-seamed can contributions to Pb contents of canned 
significantly with the phasing out of those containers. Adams 
a precipitous decline in Pb levels in canned foods from the 

to the 1988-1989 period, the time of maximal reductions in 
can production. In FY 1983-1984, the leaded container food 
level was only 60% that of a year earlier. Two years later, the 
level was down to 35%, and in 1988-1989, the level was 

of that found 6 years earlier. 
data are consistent with figures for production of Pb-seamed cans 

of the total, tabulated in Table 6.43. These data were provided 
by the Can Manufacturers Institute (CMI) as part of a commu

from CM! General Counsel R.R. Budlay to P. Mushak (August 27, 
1979, Ph-seamed food cans represented 90.3%, or 27.576 billion 

total container production. By 1984, such containers represented 
or 11.683 billion units, of total production. The 1989 fraction 

1.117 billion containers or 3.71% of total can production. 
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The corresponding count for 1990, a year later, was only one-fifth of that 
210 million containers. ' 

A number of surveys of dietary Pb have been done for other countrj 
es 

The 1982 Nutrition Foundation report used for U,S. Pb content data a\ · 
so 

reported Pb levels in the Canadian food supply. Table 6.44 has illustrative 
Pb levels in the Canadian food supply. Twelve food groups were sampled 
and individual food representatives within the groups were analyzed With 
respect to both uncanned and, where available, canned food levels. Canadian 
data showed a similar elevation in Pb content for canned versus uncannect 
foods as seen in U.S. analyses. Among selected dairy items, cheese had the 
highest Pb level, 0,24 ppm In the meat, poultry, fish category, uncanned 
values were significantly elevated and levels ranged from 0.05 to 0,) 7 PPrn. 
Canning increased levels up to 0.26 ppm. Uncanned cereals, potatoes, and 
leafy vegetables as groups were the next highest in Pb concentration, with 
further Pb elevation seen for canned examples. Uncanned garden fruits and 
vegetables were moderately elevated in Pb, but significantly elevated when 
canned. Beverages, overall, had the lowest Pb content across the 12 groups. 

The later Canadian survey of Dabeka et al. (1987) reported lead contents 
of about 10 diet categories including tap water and beverages. Illustrative 
median Pb values of items within these categories are in Table 6.45. Five 
dietary categories had medians of 0.030 ppm or more: cheeses, meaVfish/ 
poultry, starch vegetables, cereals, and miscellaneous snacks and desserts. 
Cheese showed the highest Pb content, ranging up to 6. 78 ppm 

The most wide-ranging dietary Pb survey was the food component of the 
Global Environmental Monitoring System (GEMS-Food, 1991 ), done 
through the UNEP. Data were gathered from 39 nations including Canada 
and the United States (Galal-Gorchev, 1991). Table 6.46 sets forth 11 food 
categories and the mean Pb content of each. Canned foods and beverages, as 
expected, have the highest Pb concentrations at 0.20 ppm in each case. Fish 
ranked next at 0.10 ppm. 

The percentage contribution of illustrative food categories in each of five 
nations-Australia, Canada, Finland, the Netherlands, United Kingdom-are 
depicted in Table 6.47. Among Canadian dietary items, vegetables and the 
meaVfish/poultry categories each contributed 17% of total daily Pb intake, 
followed by beverages and cereals/cereal products at 15% each. The Finnish 
diet had the highest percentages of Pb intake via cereals/cereal products 
(24%) and frnits (22% ). Beverages comprised 20% of those diets followed 
closely by milk products at 17%. Dutch dietary item Pb content was highest 
for cereals/cereal products at 17% followed by the vegetable category at 
12%. For the United Kingdom, cereals (including breads) were highest at 
15%, followed by potatoes at 14%. 

Chen and Gao (1993) reported results of the Chinese TDS carried out in 
1990. The food consumption pattern in tl1e form of market-basket surveys 
and associated contaminant levels and their intakes were determined in four 
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Lead in Media Relevant to Human Lead Exposures 

Lead Levels in Selected Canadian Dietary Items from the 

Foundation Report on Safety of Lead and Lead Salts 

Lead Level (~gig, ppm) 

Food Item Uncanned Canned 

Evaporated milk 0.04 

Whole milk O.Q2 

Cheese 0.24 

Butter 0.05 

Beef 0.09 

Pork 0.10 

Veal 0.05 

Lamb 0.05 

Poultry 0.08 

Eggs 0.05 

Fish, fresh 0.05 

Tuna 0.26 

Salmon 0.16 

Shellfish 0.05 

Organ meats 0.10-0.17 

Prepared meat, 0.25 
poultry 

Breads and rolls 0.05 

Flour 0.08 

Breakfast cereals, 0.05 
all types 

Rice 0.05 

Pasta 0.05 0.10 

Corn 0.03 0.36 

Potatoes, baked 0.06 0.12 
and boiled 

Sweet potatoes, yams 0.08 0.25 

(Continued) 



TABLE 6.44 Lead Levels in Selected Canadian Dietary Items from the 

1982 Nutrition Foundation Report on Safety of Lead and Lead Salts 
in Fooda,b,c_(cont.) 

Lead Level (~g/g, PPm) 

Food Group Food Item Uncanned Canned 

Cabbage 0.05 

Celery 0.03 

Leafy vegetables Lettuce, other greens 0.07 0.13 

Asparagus 0.03 0.13 

Mushrooms 0.04 0.18 

Beans 0.03 0.16 
Legumes 

Peas 0.03 0.13 

Carrots 0.07 0.13 

Onions 0.05 
Root vegetables 

Beets 0.05 0.17 

Turnips, parsnips 0.03 

Tomatoes 0.04 0.25 

Cucumbers 0.03 

Squash 0.03 
Garden fruits 

Eggplant 0.03 

Tomato juice 0.20 

Tomato paste 0.57 

Citrus 0.03 0.14 

Apples 0.14 0.17 

Apple juice 0.08 

Grapes 0.02 0.14 

Fruits Peaches 0.04 0.27 

Pears 0.04 0.22 

Pineapple 0.05 0.19 

Cherries 0.02 0.14 

Berries 0.05 0.14 

(Continued) 
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6 Lead in Media Relevant to Human Lead Exposures 

Lead Levels in Selected Canadian Dietary Items from the 

d .. t,dti<m Foundation Report on Safety of Lead and Lead Salts 

Lead Level (~gig, ppm) 

Food Item Uncanned Canned 

Nuts 0.05 

Cooking oils O.G2 

Salad 0.05 

Sugar 0.05 

Syrup 0.17 

Jams and jellies 0.05 

Puddings 0.05 

Candy 0.06 

Coffee, tea 0.03 

Soft drinks 0.05 

Alcoholic beverages 0.01 

geographic groupings in China with included provinces: North 1, 

ng)rang,, Liaoning, Heibei; North 2, Henan, Shaanxi, Ningxia; South 1, 

Jiangxi, Fujian; South 2, Hubei, Sichuan, Guangxi. Each regional 

basket consisted of 12 food composites. For Pb, the contributions of 

food groups as a national percentage of the total national Pb intake 

cereals, 39.6; vegetables, 27.5; potatoes, 7.8; meats, 5.6; fruits, 5.4; 

1; legumes and nuts, 4.4; aquatic foods, 2.8. Milk, water, prepared 

and milk and sugar added relatively ntinor amounts of Pb to daily 

various national and international surveys included food crop data 

crop components produced in uncontaminated soils. Soils in urban 

br areas impacted by lead smelters not only have elevated Pb content, 

be expected, but crops grown there also show Pb concentrations well 

samples produced in uncontantinated soils. Table 6.48 depicts food 

with high Pb content under these conditions. Finster et al. (2004) 

that leafy and root vegetables grown in urban gardens in Chicago, 

Ph levels well above 10 ppm. Swiss chard was found at 22-24 ppm 
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TABLE 6.45 Illustrative Pb Levels in Various Food Categories of the 
Canadian Diee,b,c 

Food Category Median (ppm) 

Cheese (excluding cottage cheese) 0.034 

Meat, fish, poultry, meat soups 0.031 

Dairy products, eggs 0.003 

Fruits, fruit juices, canned and fresh 0.008 

Potatoes, rice, other starches 0.07 

Nonstarch vegetables 0.032 

Miscellaneous snacks, desserts 0.033 

Cereals, bread 0.032 

Beverages 0.009 

"Adapted from Oabeka eta/. {1987) and World Health Organization (7 995). 
bUn its of ppm. 
'Canned and uncanned items combined. 

Ranges (ppm) 

O.G28-6.78 

0.011-0.121 

0.001-0.082 

0.002-0.109 

0.006-0.084 

0.001-0.254 

0.014-1.38 

0.012-0.078 

<0.00005-0.029 

TABLE 6.46 Typical Pb Concentrations of Illustrative Foods in the 
GEMS-Food International Surveya,b,c 

Food Pb Level (~gig, ppm) 

Cereals 0.06 

Meats 0.05 

Organ foods 0.02 

Fish 0.10 

Shellfish 0.02 

Vegetables 0.05 

Fruits 0.05 

Roots/tubers 0.05 

Eggs 0.02 

Canned foods 0.20 

Can ned beverages 0.20 

aAdapted from Cafai-Corchev (1991 )_ 
6GEMS-Food: Food component of the Global Environmental Monitoring Sysl'em, UNEP. 
cData for 39 countries, including the United States. 
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7) and Worfd Health Organization (1995). 

ncentrations of Illustrative Foods in the 

0.05 

0.05 

0.05 

0.02 

0.20 

0.20 

m. 
the Global Environmental Monitoring System, ut'iEP. 
he United States. 

6 Lead in Media Relevant to Human Lead Exposures 

6.47 Relative Contributions of Dietary Pb to Intake as a Function 
Group Indicated Countriesa,b,c 

Food Group %Total Pb Intake 

Vegetables 17 

Meat/fish/poultry 17 

Beverages 15 

Cereals/products 15 

Fruits, juices 10 

Cereals/products 24 

Fruits 22 

Beverages, etc. 20 

Milk/products 17 

Cereals/products 17 

Vegetables 12 

Breads/cereals 15 

Beverages 14 

Potatoes 10 

onion samples had 21 ppm. Moseholm et al. (1992) showed lettuce 
close to a Pb smelter had a Pb level in the range of 0. 7-1.3 ppm, 

grown close to the smelter had Pb levels 0.6-2.4 ppm. 

water Pb has had a long history of producing both lead exposures 
:so<oiat:ed lead poisonings. References appeared in Greco-Roman times 

hazards of using waters flowing in lead piping versus waters in 
(see Chapter 2). This history extended into more recent decades 
towns appeared and grew in industrializing countries. Growth in 
was accompanied by growth in setting up and maintaining pub
water systems, typically established as public utilities operated 
agencies and drawing water from both surface water and 
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TABLE 6.411 Selected Lead Levels of Garden Crops Produced in 
Contaminated Soilsa,b,c 

locale Food Items 

Cilantro 

Collard greens 

Coriander 

lpasote 

Lemon balm 
Chicago, IL 

Mint (urban gardens) 

Rhubarb 

Swiss chard 

Carrot 

Onion 

Radish 

Lettuce 

Copenhagen, Denmark, Carrots 

close to Pb smelter Potatoes 

Kale 

8 Adapted from original articles. 
bContamination from mobile or point sources. 
cDifferent crops tested in indicated locales, 
dLevels ::2': 10 ppm. 

Pb Level 

(fLglg, ppm)' 

49 

12 

39 

14 

20 

<10-60 

<10-36 

22-24 

10 

21 

12-18 

0.7-1.3 

0.07-0.28 Moseholm 
0.6-2.4 et al. (1992) 

1.4-9.3 

groundwater. Areas in suburban or remote locales, by contrast, often rely on 
private water sources such as wells. 

The topic of Pb in drinking water. technologically, is a complex ooe in 
both the number of discrete steps needed to produce potable drinking water 
for human populations and the myriad of physical, physicochemical, and 
chemical factors that work to produce low, moderate, or high concentrations 
of Pb in drinking water sources for these populations. The environmental 
physical factors typically include the nature of the water chemistry, the 
nature of the components of water transport from sources to the residences 
and/or public areas such as schools for human populations, the characteristics 
of residential plumbing systems, and finally. patterns of water use in differ
ent risk groups in the population. 
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Pb Level 

Food Items (~gig, ppm)d 

Cilantro 49 

Collard greens 12 

Coriander 39 

lpasote 14 

Lemon balm 20 

Mint <10-60 

Rhubarb <10-36 

Swiss chard 22-24 

Carrot 10 

Onion 21 

Radish 12-18 

Lettuce 0.7-1.3 

Carrots 0.07-0.28 

Potatoes 0.6-2.4 

Kale 1.4-9.3 
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of lead in both surface water and groundwater free of lead 
from anthropogenic activities or arising from contamination in 
storage, transport, and distribution to consuming populations 
low. A range of 0.005-10 ['g/1 was estimated by NASINRC 
upper end of the range likely reflects artifactual contamination 

laboratory testing. U.S. EPA (1986b) settled on an upper limit 

surface waters averaged 3.9 ['g Pb/1 for 749 surface water sam
range of J-55 ~g/1 in the report by Durum eta!. (1971). NASI 

reviewed smface water levels in the literature, a range from 
890 ~g/1, with the upper end of the range likely showing con

:on·tan1imltic•n. U.S. EPA (1986b) selected the Patterson concentra-
100,-c,.v" 1-Lg/1 for remote streams. Proximity to sewage treatment, 

and industrial waste pollution resulted in much higher values, 
~gil. Groundwater lead content has been reported in the range of 
(NASINRC (1980). 

high fraction of U.S. households, 84%, receive treated drink
t sr1pp:lies from public or private surface water or groundwater sys

wells are the second largest source (U.S. EPA, 1986b). Waters 
reatment plants in U.S. and Canadian systems are low, 2-3 ['gil Pb 

a!., !987; U.S. EPA, 1991). 
levels at the tap are typically much higher than concentrations 

water leaving treatment plants (Isaac et a!., 1997; Mushak 
1990; NAS/NRC, 1993; U.S. EPA, 1986b, 2006; WHO, 1995). 

(1997) reported that ratios of water Pb levels to Pb concentra
at the tap with vatiable standing times ranged from 0.17 to 

flowing into Massachusetts homes. Lead enters household and 
plumbing at a number of sites before exiting the tap. First, there 

kcomn<ect<)rs, "pigtails," joining water lines to household plumbing; in 
, 1emgms of lead pipe were used in areas with highly corrosive soils 

forms of metal plumbing (U.S. EPA, 1985). Lead piping has 
abandoned in favor of copper or nonmetal plumbing materials 

only finds lead plumbing in the oldest housing in older areas of 
such as the United States. Overall, the principal contributor of 
lead in household plumbing is corrosible 50:50 lead-tin soldered 
joints usually found in copper plumbing. Ph-alloyed brass house
fixtures, e.g., faucets in kitchens and bathrooms, are a second sig-

?le••ching into household and public building plumbing from lead-tin 
50:50 solder in copper water lines has been the subject of a number 

When used with copper plumbing lines, Pb-Sn solder is affected 
Ctr<Jcb,errlic,,l, i.e., galvanic, reactions which produce divalent Pb ion. 

the most significant factors affecting pipe joint solder Pb release 
gressi•ve water, i.e., low pH, and low "hardness" or carbonate level 
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(U.S. EPA, 1986b), standing time in unit plumbing lines, temperature, and 
relative efficiency of the soldering. Other factors include age of a given ty 
of plumbing and interior surface coating (deMora and Harrison, 198:)' 
Subramanian et al. (1994) were able to show that any of a number of non: 
lead fitting solders was sufficiently resistant to galvanic leaching to be safe , 
to use. In addition to the most widely used alternative, a 95:5 tin-antimon, 
solder, tested materials included 94:6 tin-silver, 96:4 tin-silver, an: 
95.5:4.0:0.5 tin-copper-silver solders. 

Quantification of Pb leach rates from simulated plumbing systems and 
also household plumbing systems with lead solder, copper piping, and treated . 
or well waters have been reported. Treweek et a!. (1985) used pilot-plant 
simulations of corrosion in domestic pipe materials to evaluate the impact of 
different water quality variables on releases of lead and copper from soft 
low-alkalinity water consumed in Portland, OR, over a test time 

0
f 

18 months. The lead-tin solder-coated copper coiling tested with chlorami
nated water, with ample standing time of 8 hours, showed lead leaching at 
the outset exceeding the then MCL of 50 f.Lg/1, while chlorinated water only 
showed exceedences over the MCL for copper. Over time, the Pb leach rates 
declined. These findings led to a health advisory for residents to run the tap 
water before using to flush standing water Pb accumulations. 

Thompson and Sosnin (1985) evaluated the corrosion characteristics of 
50:50 Pb-Sn solder in household plumbing, using either short-term static 
tests in lead-soldered copper test cells (15 days) or mock-up plumbing 
assemblies (40 days) and three water sources differing in pH and corrosive
ness. Water Pb buildup in acidic, most aggressive test, water at room temper
ature was initially 14 flg/1/hour with a final rate of 11 f.Lglllhour rate. Hot 
water testing (60°C) for this same set of parameters gave an initial leaching 
rate of 48 fig/1/hour and a final value of 55 fig/1/hour. Birden et al. (1985) 
studied Pb leaching from lead-soldered joints using simulated household 
plumbing assemblies with multiple soldered joints and several public well 
water sources in New England differing in relative corrosivity. One well 
water sample had a pH of 6.7 and low total hardness of 47 rng/1 versus the 
second water with pH of 7.8 and hardness of 110 mg/1. The lower pH and 
hardness water had a Pb leaching from 50:50 tin-lead solder of 364 f1g!l 
compared to 80 ~gil for the second system. 

A second source of galvanic Pb leaching in domestic plumbing systems, 
in addition to that from lead-tin soldered joints, is household plumbing 
fixtures. Lead sources in fixtures include both soldered connections and the 
brass alloy composition with a permissible significant Pb content (3-8% Pb). 
Samuels and Meranger (1984) tested lead leaching from commercially 
available kitchen faucets with varying details of construction in presence 
or absence of leaded solder in the connecting tube assemblies. Waters 
were tested as available from the Ottawa, Canada, water supply, in addition 
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source and aqueous fulvic acid solution. Filtered water 
from those kitchen faucets with lead-soldered joints was exten

from 4 to 55 mg/1 (4,000-55,000 ~gil), for an initial 24-hour 

(COJntac:tJ period. 
surveys of Pb in drinking water, mainly in the United States and 

been carried out. These surveys, differing in their geographic 
scope, were done from the early 1980s to 2006. The 

pb levels in these surveys were illustrative of tap water statis-
mean water Pb across cities, states, and countries and prevalence 

Pb exceedences for standards and guidelines as they existed at 
For example, the U.S. EPA had a Pb in drinking water supply 

~g/1 until 1991. In 1991, this regulatory approach changed to a 
.. conmm protocol. First, U.S. EPA promulgated a tap water action 

~g/1, not to be exceeded at the 90th percentile, for the sannpled 
in order to forestall some form of advisory or treatment technol
and, second, an enforceable MCL standard of 5 ~g/1 (5 ppb) for 

public water treatment plants. 
6.49 presents tap water Pb levels in selected U.S., Dutch, and 

systems reported by various authors. Sampling methodology 
flushed, and composited samples and various types of water 

is clear that stagnant water had much larger amounts of Pb than 
srunplles. Composite samples from random collections were intenne
Pb concentration. Using plastic pipe resulted in relatively lower Pb 

household water, but levels were still measurable. Running, 
line samples depicted water system background Pb content as 
left the plant. The highest values in Table 6.49, not unexpect

the mean of 1,075 ~g/1 and the maximum figure of 2,826 ~g/1 for 
water samples collected in English households having lead water 

recent selected household water surveys in U.S. and Canadian 
showed marked reductions in both standing and running water 

. In Table 6.50, geographic locales with soft waters and a history of 
plumbing corrosion showed the highest concentrations, e.g., the 

Massachusetts communities. One still saw a distinction between 
and flushed water samples, with U.S. Midwest standing levels being 

higher than flushed samples. 
&tribution of water Pb elevations in water systems across geography 

have been reported. Table 6.51 shows the water Pb content of U.S. 
systems at the community-based water Pb action level of 15 ~g/1 

times: 1992, 1993, and more recently, from 1999 to 2006, with most 
. period 2000-2003. Overall, the 90th percentile water Pb levels are 
in the early 2000s than in the early 1990s when the 1991 U.S. EPA 

rule was implemented. 
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TABLE 6.49 Selected Drinking Water Pb Concentrations in U.S., English, 
and Dutch Plumbing Systemsa,b,c,d 

Plumbing/Sample 
Concentration (f-Lg/1) 

ij! locale Conditions Mean Maximum References 

Seattle, WA Standing, overnight 4.3 11.5 Herrera et al. 
(1982) 

University of Standing, overnight 3.9 170 
Washington Dangel (1 975), 

as cited in 
Tolt River Standing, overnight, 5 17 Ohanian (1986) 

30 second flush 

Boston, MA Composite sample 30 1,510 Karalekas et al. 
(1976) 

Standing, overnight 96 1,108 

Boston, MA Worth et al. 
Running, 5-minute 17 208 (1981) 
flush 

Metal pipes 20.7 163 Sandhu et al. South Carolina 
Plastic pipes 18.7 73 (1977) 

Morris County, NJ Composite 44 260 Benson and 

Klein (1983) 

Replacement Pb 
piping 

a. Standing, 1,075 2,826 
overnight 

England, various b. Running, 139 354 
water lines for 5-minute flush Thomas et al. 
estate plumbing 

Copper piping 
(1979) 

a. Standing, 4 
overnight 

b. Running, 3 
5-minute flush 

The Netherlands Composite 81 180 Zoetman and 
samples Haring (1978), as 

cited in Ohanian 
(1986) 

8 Adapted from Ohanian (7986), covering various reports. 
bVarious water Ph leaching conditions. 
'-U.S. tap water Ph action level (7 991) = 15 p,gll at 90th percentile community prevalence. 
JWHO (1993) water Pb guideline= 10 p,gll. 
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TABlE 6.51 Illustrative U.S. City Drinking Water Pb levels at the 90th 
Percentile over Three Monitoring Periodsa,b,c 

1992 90th 1993 90th 
%ile %ile 

locale (~g/1) (ltg/1) 

Chicago, IL 20 10 7 
Philadelphia, 15 322 13 PA 

Washington, 39 18 63 DC 

Detroit, Ml 15 21 12 
Minneapolis, 32 19 6 MN 

St. Paul, MN 28 54 11 
Portland, OR 53 41 8 
Phoenix, AZ 11 19 

Yonkers, NY 110 68 18 
Syracuse, NY 40 50 25 
Galveston, TX 6 18 2 
Miami Beach, Fl 4 27 8 
Richmond, VA 25 16 4 
Tacoma, WA 17 32 12 
a Adapted from U.S. EPA (2006). 
&Cities are those exceeding the EPA 7991 action level in 1992 or 7993. 'Recent monitoring mainly in years 2000, 2007, 2002, 2003, except for one city in 1999-2001, one city in 2003-2006. 

Percentages of water Pb collected through the day and lying within successively higher water Pb ranges have been reported in Great Britain. The data are in Table 6.52. The distribution statistics totaled for all three countries-England, Scotland, Wales-showed 25.3% of households in the 10-50 [Lg/1 range. The highest values, 301 [Lg/1 and above, were found for about 1% of samples in the three countries. The data for Scotland, with its 
historically very corrosive water supply and lead-containing water collection systems, were the main contributor to the high exceedences of Pb in drinldng water. For example, 16% of Scottish water samples were in the range of 101-300 [Lgll, and 5% were 301 [Lg/1 and above. 
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Chapter 7 

Exposure in Human 
ulations: lead Intakes 

in this part of the book present and discuss lead exposure in human 
Exposure here refers to actual, not potential, contact with lead 

more environmental media by human populations. Furthermore, the 
also refers to both intake of media lead into various receiving 

ompa1:tm,ents and subsequent uptake into the human body. Other defi
the term exist in the lead literature. For example, exposure is con

lead intake into receiving body compartments and lead contact by 
surface. 

chapters comprise Part 2 of this monograph: Chapter 7 describes 
in U.S. and other populations; Chapter 8 addresses Pb toxicoki

biological markers of human lead exposure; Chapter 9 presents 
data reported for human lead exposures; and Chapter I 0 describes 

iviJ·onme,ntlil epidemiology of human lead exposures. 
7 is the toxicological interface between lead in the external envi

and lead in the human body; that is, it connects Chapters 6 and 8. 
6 addressed lead levels in environmental media relevant to human 
Chapter 8, the internal component of the interface, deals with lead 

in the body. The latter describes the various kinetic and metabolic 
that govern Pb entry into, distribution within, and subsequent 

or excretion of internal lead burdens in exposed human populations. 
literature regarding lead did not always make clear distinctions 

lead intake and lead uptake, which are two distinct processes in 
lead exposures. Lead uptake deals with lead absorption into the 

u"'"'"n from receiving body compartments. In most cases, the distinc
'betw<,en the processes of intake and uptake are physiologically and taxi

clear. Ingestion or inhalation of media-specific lead into those 
receiving body compartments occurs first, followed by absorption 

fraction of lead in those intakes into the bloodstream. In the case of 

and other Contaminants in the Environment, Volume 10 
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dermal contact, the distinction between the two steps is blurred since intak 
through skin is not fully distinct from uptake. With parenteral, e.g., intravee 
nous, administration, the two merge into a single step. 

Lead intake by inhalation occurs in two stages. First, some fraction of 
inhaled lead is retained and deposited in various compartments of the res . 
ratory tract. The balance is exhaled. With inhalation, depositions in differ;!· 
parts of the respiratory tract yield different overall exposure results. Laro~; 
particles containing lead are deposited in the upper tract and undergo cili~ , 
removal and are swallowed, passing into the gastrointestinal tract. The smai. 
lest particles containing lead are deposited in the pulmonary compartment. 
Sites for actual lead uptake into the bloodstream and the uptake characteris
tics for these different sites influence uptake rates. 

TABLE 7.1 Illustrative Combinations of Pb Concentrations and Daily 
Environmental Media Intake Amounts Demonstrating Equivalent Intake 
Parametersa-c 

Media Pb Daily Intake Daily Pb 
Environmental Concentration Mass (g) or Intake 
Medium (ppm or ~g/m 3) Volume (m3

, I) (~g/dayl 

Lead paint dust 5,000 (0.5%) 0.001 g 5 

Lead paint dust 1 0,000 (1 .0%) 0.001 g 10 

Lead paint dust 25,000 (2.5%) 0.001 g 25 

Lead in diet 0.0025 2,000 g 5 

Lead in diet 0.005 2,000 g 10 

Lead in diet 0.010 2,000 g 20 

Lead in soil 500 0.010 g 5 

Lead in soil 1,000 0.010 g 10 

Lead in soil 2,000 0.010 g 20 

Lead in tap water 0.005 1.0 I J 

Lead in tap water 0.010 1.0 I 10 

Lead in tap water 0.025 1.0 I 25 

Lead in air 1.0 5m3 5 

Lead in air 2.0 5m3 10 

Lead in air 5.0 S m3 25 

"Media Pb levels for paint, soil, and tap water at or above regulatory levels. 
blngested amounts typical for young children. 
cAir ventilation rate= 5m3 for young children. 
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Exposure in Human Populations: Lead Intakes 

or other substances in humans is typically indexed as daily 
intakes scaled for different time frames have been 

settings over the years, e.g., weekly intakes (FAO/ 
of Pb and other contaminants per body weight. This specifi-

ingestion, inhalation, and, in some cases, dermal application . 
into body compartments is the product of lead concentra

~ .• rrtedrum and the mass (diet Pb) or volume (air Pb, water Pb) of 
medium taken in daily. High levels of lead in an environ
can be quite toxic when ingested in relatively modest quanti-

hand, low concentrations of lead can be of concern when 
of the lead-containing medium are ingested. The relationships 

in Table 7.1 where a high-lead medium such as lead paint dust 
amounts can pose the same risk as low lead in the daily 

at typical food intake levels. Table 7.1 shows that, because of 
Pb concentrations or high amounts of daily media mass intake, 

amounts of Pb can hypothetically enter receiving compartments 
of the nature of the contact medium. 

y LEAD INTAKES BY U.S. AND OTHER POPULATIONS 

had numerous tabulations of lead concentrations in environmental 
icountered by human populations in the United States and around 

This chapter presents estimates for daily Pb intakes using 
information combined with information on media-specific intake 

Intakes are provided for the major media-specific routes of expo
are available for various segments of human populations. 

of lead-containing environmental media differs across segments 
with given concentrations of lead in some contact medium 

into quite different degrees of lead exposure, depending on popu
individual characteristics. For example, infants and toddlers ingest 

higher rates on some body metric basis than older children or 
and toddlers ingest more of some pmticular Ph-contaminated 
medium than do older individuals. A notable example is dust 

way of normal hand-mouth activity in this developmental age 
lead intakes differ with age as a function of type of dietary 

· requirements, etc. Groups of individuals with the same demo
characteristic but affected by different external factors such as eli

temperature will ingest different amounts of Ph-contaminated 
volumes of water. 
determinant of lead intakes among human populations has been 

for which data were gathered. In past decades when lead levels 
higher than today in canned foods, in ambient air, in crops, and 
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in household painted surfaces, lead intake estimates were much higher. 
the extent possible, available data for various periods are included in 
chapter's tabulated intake estimates in order to show temporal 
exposures. The reason is the same as for using older data in Chapter 6. 
Pb in older subjects will reflect lead intakes from prior decades. 

Lead-containing environmental media ingestion or inhalation rates 
presented here for ambient air, diverse human diets, drinking water, and 

and/or soil. Dermal contact and potential dermal uptake intot r1~h,~e :~:~~;:~~::::: for the inorganic forms of environmental Pb encountered by r 
populations are very low compared to the other routes of exposure, and this 
route is not addressed. 

Various primary sources for estimating the exposure parameters associ. 
ated with daily intake quantities of (lead-containing) media were used and 
are noted. A child exposure-specific source of parameter selection for media 
of interest was the U.S. EPA "Child-Specific Exposure Factors Handbook" 
(2008). 

7.2.1 Daily Human Intakes of Ambient Air lead 

Daily intakes of lead through inhalation by human or experimental popula- . 
tions are the product of ventilation rate and air Pb concentration, further 
adjusted for lead deposition rates of the inhaled volumes in the respiratory 
tract. The ventilation rate, i.e., total volumes of inhaled air per unit time, typ. 
ically 24 hours, can be determined by either direct measurement or via food
energy intakes. The latter may also be employed to arrive at the ratios of 
total energy expenditure to basal metabolic rate (BMR). 

Layton (1993) carried out a series of studies with U.S. subjects of differ
ent ages for long-term and short-term inhalation rates estimated via various 
methodologies. Choice of methodology depended on the activity being eval
uated. Daily long-term inhalation rates, which are the estimates most relevant 
to this chapter, were calculated from food-energy intakes. Table 7.2 presents 
the daily inhalation (ventilation) rates for children up to 18 years of age. 
Children under 9 years of age showed no gender-specific inhalation rates, 
but those 9 years and older showed a measurable difference favoring a high· 
er rate for male children. Table 7.2 shows that inhalation rates for older male 
children were highest between 15 and 18 years, and for females, between 9 
and 11 years. For those youngest children not identified by gender, the high· 
est inhalation rates were calculated between the ages of 6 and 8. 

Table 7.3 depicts estimates of long-term daily deposition rates of Pb in 
young children who varied in age and gender using available empirical data. 
Pb deposition rates increased with child's age in the range 1.4-3.2 f.Lg Pb/day. 
Arcus-Arth and Blaisdell (2007) reported the statistical distributions of daily 
breathing rates for narrow age groups of infants and children. 
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_Estimated Daily Long~Term Inhalation Rates for U.S. Children 

Durationd 

and US. EPA (2008). 
on 'ood-en•"g)' in;•,kc rates from Layton (1993). 

children ~9 years of age and adults. 

Y'""''ohon. 

Mean Daily Inhalation 

Rate (m3/day) 

4.5 

6.8 

8.3 

19 

14 

15 

17 

13 

12 

7.4 and 7.5 present the calculated daily inhalation rates and depo
for Pb at a time of maxiJmum air Pb in the 1970s and then in 
air Pb concentrations had essentially declined to their lowest 

pronounced distinctions in inhaled and deposited Pb in children 
two time points are strildng, showing a 20~fold or more decline in 

rates for urban areas. Again, the air Pb declines and associated 
deposited Pb reflected the leaded gasoline ban in the United 

other industrialized nations. Daily inhaled Pb is deposited in vari
of the respiratory tract at a rate of 30% for children and adults 

1986, Ch. 10). Male children show a somewhat higher daily 
rate than females. While the tables are for U.S. estimates, the 
air Pb outside the United States and those that are tabulated in 

6 would show similar results. 
Tables 7.2-7.4 are not expressed normalized to body 

or some other somatic metric. However, the nature of the 
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TABLE 7.3 Estimated Long-Term Daily Inhaled and Deposited Pb in U.s 
Children of Various Ages for 1970-1974a · 

Group/Age Daily Inhalation Daily Inhaled 
(years) (m3 /day)b Pb (~g/day)' 

Children 

<1 4.5 4.8 1.4 

1-2 6.8 7.3 2.2 

3-5 8.3 8.9 2.7 

6-8 10 10.7 3.2 

Males 

9-11 14 15.0 4.5 

12-14 15 16.1 4.8 

15-18 17 18.2 5.5 

Females 

9-11 13 13.9 4.2 

12-14 12 12.8 3.8 

15-18 12 12.8 3.8 

a Average of five urban U.S. arithmetic air Pb mean, 1970-1974, is given in Table 6.3: 7.07 figln/ 
b Adapted from Layton (1993) and U.S. EPA (2008). 
cAir Ph mean (flglm'J X Daily Inhalation Rate (rr( !day). 
dDaily inhaled Ph (pg!day) X 0.3 (deposition rate). 

methodology employed by Layton (1993), involving the dependence of air 
inhalation rates on food-energy intake rates, scaled total inhalation values in 
a manner that reflected body mass; consequently, when one adjusts these 
data for body weight, there is limited change across children's ages. 

Adult inhalation rates for males and females generally cluster around 
20m3/day for individuals with typical occupational activity patterns in tem
perate climates. One can estimate the daily Pb inhalation and deposition rates 
for nonoccupational inhalation Pb exposures by using this value to arrive at 
values corresponding to those in Tables 7.3 and 7.4 for children. 

7.2.2 Daily Human Intakes of Dietary Lead 

Dietary lead concentrations relevant to human populations are presented in 
Chapter 6 and include periodic surveys from various agencies such as the 
U.S. FDA. This chapter has estimates of ingested daily amounts of dietary 
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Estimated Daily Long-Term Inhaled and Deposited Pb in U.S. 

Various Ages for 1994a 

Daily Inhalation 
Rate (m3/day)b 

Daily Inhaled 
Pb (~g/day)' 

for U.S. sites, U.S. EPA (1995), Table A-10. 
(1993) and U.S. EPA (2008). 
x Daily inhalation Rate (m3!day). 

(Jig/day) X 0.3 (deposition rate). 

Daily Deposited 

Pb (~.g/day)d 

0.23 

0.26 

0.20 

0.18 

0.18 

and, based on these amounts and food group Pb levels given in 
chapter, estimates of intakes of daily dietary Pb. 

exposures to lead in the diet historically comprised a major frac-
overalllead exposures in the United States and elsewhere, especially 

. However, in a number of instances, such as infant consumption of 
to.e;•ap<Jrated milk from lead-seamed cans, many children also sustained 

dietary Pb exposures. Dietary lead intakes, for purposes of this 
are separated from drinking beverages prepared from drinking water, 

foods cooked in tap water containing Pb. 
components showed major reductions in Pb content over the last 

decades, and Pb intakes through the diet obviously track these 
Dietary Pb intake estimates in earlier decades were poorly 
Available data, however, clearly indicate that dietary Pb intakes 

the era of leaded gasoline and lead-searued cans for foods combined 
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TABLE 7.5 U.S. Daily Intakes of Food and Beverages During the Early 
1980sa-c 

14-16 Years 25-30 Years 60-65 Years 

Child, 2 Years 
Old Old Old Food/Beverage 

Group Old Male Female Male Female Male 

Meats/meat 133 269 182 319 194 252 
products 

Food crops 282 528 386 518 390 532 437 
Dairy 390 645 405 351 245 279 208 
Can ned foods 72 104 77 103 73 119 99 
Canned juices 54 30 28 27 28 12 17 
Frozen juices 65 75 53 73 66 61 72 
Soda 65 274 232 315 228 85 78 
Canned beer 0 17 0 318 51 116 18 
Water 441 743 596 1,061 903 1,244 1,166 
Total 1,502 2,685 1,959 3,086 2,178 2,700 2,267 

a Adapted from U.S. EPA (7986), and using summary data of Pennington (1983). 
hun its of glday. 

c"Water" calegory includes beverages such as tea, coffee, and powdered drinks. 

to produce huge daily Pb intakes in diet because dietary components were 
contaminated by Pb, 

Analogous to the approach for ambient air, this section first addresses esti
mates of the total amounts of diet ingested daily and components within the 
total dietary profiles for various groups within the U,S. and other populations. 
The increased uncertainty and variability in more generalized approaches for 
quantification of Pb in foodstuffs is amplified when approaching dietary 
intake amounts on a total or group-specific mass basis. For example, despite 
more public interest in "healthy" foods. a high per capita consumption rate of 
"fast"' foods further complicates comparisons of historical dietary Pb intakes 
with those of recent years. 

Food supplies of developed. industrialized countries in North America 
and Europe have centralized distribution systems and one would expect that 
the level of heterogeneity for lead distribution in dietary components would 
vary less across smaller subdivisions of nations than, say, ambient air Pb, 
dust or soil Pb, and tap water Pb, Variability and uncertainty remain 
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, First, there are socioeconomic components to diets within popu

t trfUlSI,ate to different amounts of Pb intakes and exposures. 

subsets are more likely to produce more homegrown diet 

gardens. Groups of the population who rely on subsistence 

harvest catches where aquatic lead contamination is likely or of 

ingest amounts of the element significantly above mean popula

Ethnic food preferences can also raise the likelihood of higher 

in certain imported canned foods. 

lrin.cipal sources of systemic assessments of dietary intakes of food 

the United States are the USDA's NFCS and the USDA 

Survey of Food Intakes by Individuals (CSFII) (U.S. Department 

1990). The NFCS databases include figures for 1987/1988. 

values are for two more recent periods, 1989-1991 and 

and were used for a number of estimated intakes. The U.S. EPA 

factors handbook for children (U.S. EPA, 2008) was also used. 

• .5-7.8 present estimates of daily amount' of food groups ingested 

U.S. population age groups. Values are in two forms, as daily 

person and/or dietary amounts on a body weight basis. Table 7.5 

a typical 2-year-old child ingests around 1 kg of various food 

about 440 ml of water. With age, both food and water amounts 

daily increase, peaking in the 25- to 30-year-old U.S. male at 

kg and in the U.S. female at 60-65 years of age. 

7.6 shows daily amounts of food ingested by U.S. children in the 

range of < 1 year old to 19 years old. The teenaged band comprises 

total daily intake group, showing 200 g more on average than 

Ho·we1rer. when intakes are adjusted to body weight, the highest intake 

early infants and least in the 12 to 19-year-olds, a factor of about five 

the infants. Distribution of ingested daily amounts of food into food 

~ateg<lri<" as a function of body weight is tabulated in Table 7.7. While 

daily intakes differ across ages, all children consume the same food 

proportional amounts in terms of mean and 95th percentile estimates. 

1pr<lducts rank highest across all ages in terms of daily intake while the 

category ranks lowest. Table 7.8 presents the amounts of daily food 

for the "homegrown" food items. The first part gives the fraction 

consuming homegrown foods while the remainder tabulates mean 

percentile intakes as a function of body weight. 

intakes of dietary Pb vary with age and gender. U.S. dietary Pb 

.are presented in Table 7.9 for the early 1980s. This period reflected 

)tP<"sistirlg impact of leaded gasoline use in the nation, based on data 

in Chapter 6 for food group lead concentrations over the decades. 

and young adults consumed more Pb on a total daily intake basis 

children or the elderly, as shown in Table 7.9. Gender differences 

U.S. dietary Pb intakes are seen in the teen, young adult, and older 



'·' 

i I 

'I,.' 

Lead and Public H I ea th 

TABlE 7.6 U.S. Per Capita Total Diet Intakes for Children at Different 
Agesa-c 

Child Age Band (years) Mean 

Diet intake, g/day, as consumed 

<1 1,000 

1-2 1,100 

3-5 1,000 

6-11 1,100 

12-19 1,200 

Diet intake, g/kg-day, as consumed 

<1 140 

1-2 84 

3-5 55 

6-11 36 

12-19 26 

a Adapted from U.S. EPA (2008) based on 1994/1996 USDA CSF/1. 
blntake amounts as consumed. 
cMean/95th percenlife values. 

95th Percentile 

1,800 

1,800 

1,700 

1,900 

2,300 

240 

150 

100 

69 

40 

TABlE 7.7 U.S. Per Capita Total Intakes (Mean/95th Percentile) of 
Different Consumer Food Categories for Children of Various Agesa-c 

Children's Age Band (years) 

Food Group <1 1-2 3-5 6-11 12-19 

Meat 1.1/5.9 4.4/10.2 4.1/9.4 2.9/6.8 2.2/4.9 
Fish 0.1/0.5 0.4/1.8 0.3/1.7 0.3/1.4 0.2/1.1 
Vegetables 6.9/24.2 9.5/23.3 7.3/18.3 5.3/13.5 4.0/9.3 
Grains 4.1/20.2 11.2/24.7 10.3/21.1 7.2/15.6 4.4/9.7 
Dairy 111/235 37.5/90.2 20.9/48.8 13.9/33.5 6.1/17.8 

Fruits 13.2/41.2 19.3/53.9 11.0/32.7 5.4/18.0 2.8/11.0 

a Adapted from U.S. EPA (2008) and using USDA CSF/1 1994-1996 data. 
bg!kg-day food group. 
cCenGral population members, <7 to 79 years of age. 
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1sed on 1994/1996 USDA CSF/1. 

1 Total Intakes (Mean/95th Percentile) of 

[ Categories for Children of Various Agesa-c 

Children's Age Band (years) 

1-2 3-5 6-11 

4.4/1 0.2 4.1/9.4 2.9/6.8 

0.4/1.8 0.3/1 .7 

9.5/23.3 7.3/18.3 

11.2/24.7 1 0.3/21.1 

37.5/90.2 20.9/48.8 

19.3/53.9 11.0/32.7 

nd using USDA CSF/1 1994-1996 data. 

1 to 19 years of age. 

Lead Exposure in Human Populations: Lead Intakes 

Mean U.S. Consumption of Homegrown Foods from Different 

Children of Various Agesa-c 

% Children Consuming Mean and 95th Percentile 

by Age (years) by Age (years) 

6-11 12-19 1-2 3-5 6-11 12-19 

6.8 6.3 5.8 

15.2 18.1 16.1 5.2/19.6 2.5/7.7 2.0/6.2 1.5/6.0 

4.9 6.4 6.2 3.7/10 3.6/9.1 3.7/14 1.7/4.3 

1.5/4.7 

for groups not indicated. 

Total Pb Intake (ftg/day), by Age and Sex, of Food and 

in the Early 1980sa-c 

14-16Years 25-30 Years 60-65 Years 

Child, 2 Years 
Old Old Old 

Old Male Female Male Female Male Female 

3.4 7.4 4.8 7.4 5.0 5.4 4.0 

7.9 9.6 7.8 

2.5 3.1 2.3 

8.8 14.4 11 .6 

4.4 0.6 0.9 

0.5 0.7 

0.9 0.9 

1.0 0.3 

4.2 3.9 

39.7 42.4 
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adult groups, with males ingesting more Pb. No gender difference wa 
s with infants or toddlers. 

U.S. population daily diet Pb intake declines with the phase out of 
gasoline and lead seams in food or beverage cans are evident from 
national data. Chapter 6 noted Pb concentration declines in various 
groups from the 1970s to more recent years. In terms of total daily 
intakes, a marked decline has been observed for all age and gender 
Adams (1991) reported that for the relatively short period from 19

82 1988, a period associated with reductions in leaded gasoline and reaa-searu 
can use, toddlers showed about a fivefold reduction in daily intakes 
25 to 5 f.Lg/day. A similar relative reduction was seen with adult women 
36 to 8 fig/day. 

Egan et a!. (2002) reported lower daily U.S. diet Pb intakes into 
1990s. The 1994-1996 period showed daily dietary Pb intake ranges for 
infants up to 11 months, (2) 2 year olds, and (3) older children or adults 
0.8-5.7, 2.4-10.1, and 4-19 f.Lg/day, respectively. For 1982-1984, 
spending figures for the above age groups were (mean): 17, 23, 
29-41 f.Lg/day. The 2004 U.S. FDA survey noted in Chapter 6 recorded vir
tually all categories of food groups for U.S. population segments as 
below the measurement detection limit. Consequently, any current esutmatcs 
of daily diet Pb would reflect statistically projected figures with considerable 
uncertainty. Suffice it to say that today' s figures would likely be lower than 
those noted by Egan et a!. (2002) for the mid-1990s period. 

The trend of declining Pb in dietary daily intakes is readily apparent in 
U.S. EPA figures selected as exposure input values for dietary Pb to the 
agency's Integrated Exposure-Uptake Biokinetic Model for estimating PbB 
values in children (U.S. EPA, 2009). Table 7.10 summarizes Pb intakes 1\lr · 
12-month age bands in children up to 84 months of age. In infants of 12-23 
months old, Pb intake declined about 65% between pre-1991 data and 
1995-2003 data. Similar declines were seen in other age bands. 

International daily Pb intake estimates for diet track a similar array of old
er values as in the United States and were summarized for the 1980s by 
Ga!al-Gorchev (1991). Table 7.1! summarizes the international picture for 
daily diet Pb intakes by children on the basis of body weight for nine coun
tries representing various locales and demographic profiles. The U.S. weekly 
and daily diet Pb intakes adjusted to body weight were the lowest, 3.1 ~.g/ 
week and 0.4 f.Lg/day, respectively. Poland ranked highest, at 28 ~g/week 
(4 ~g/day). Corresponding figures for adults are presented in Table 7.12. 
India, Italy, and Cuba showed the highest diet Pb intakes on the basis of body 
weight, with the United States showing mean data (rounding) of <0.02. 

Some subsets of human populations have relatively limited dietary Pb 
sources. Nursing infants, for example, will ingest any Pb passing into breast 
milk from the nursing mother while bottle-fed infants can consume any tap 
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Pb Intake (~g/day) by Child Age Band Based on Various 

of Dietary Pba-c 

Diet Pb lnta ke 

ta 1995-2003 Data 

2.3 

2.0 

2.1 

2.0 

2.0 

2.1 

2.2 

980s . :A (1994) model manual diet Pb estimates for 1 
. ~A Total Diet Study estimates: 1991-1999 and 1995-2003. 

a-84 months. 

Daily Pb Intakes in Child Population for Various Countries 

in the UNEP/GEMS Program"-c 

Total Weekly Pb Intake 

(~g/kg body weight) 

Total Daily Pb Intake 
(~g/kg body weight) 

values in Galai-Gorchev (1991) to daily intakes. 
children up to age 12, 1980-1988. 

figures for Federal Republic of Germany. 

I 
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TABLE 7.12 Daily Pb Intakes in Adult Population for Various Countries 
Surveyed in the UNEP/GEMS PrrJgrama-c 

Total Weekly Pb Intake 
Country (~g/kg body weight) 

India 

Italy 59.3 

Cuba 63.3 9.0 

Germanl 26.7 3.8 

France 19.6 2.8 

Poland 18.3 2.6 

Japan 9.8 1.4 

United Kingdom 7.2 1.0 

Canada 5.7 0.8 

Sweden 2.6 0.4 

United States 0.02 0.0" 

a Adapted and estimated from values in Gafai-Gorchev (1991) for weekly intakes. 
bAdults for the period 1980-1988. 
j:,glkg body weight. 
Pre-reunification figures for the Federal Republic of Germany. 

eRounding. 

water Pb in fmmula mixtures. It is not now possible to provide an accurate 
estimate of daily Pb intakes by nursing. Earlier literature indicated such Ph 
exposures for infants might be of some significance, but analytical method 
sensitivity and persisting sample lead contamination have been problematic. 
More recent and comparatively more reliable measurement data reported by 
Gulson et al. (2003) suggest a daily intake figure for this pathway of aboUI 
0.8 f,Lg/day. The corresponding formula-based Pb intake is on the order of 
1-2 f,Lg/day. 

The marked decline in dietary Pb daily intakes from the 1970s to the 
present has produced a marked shift downward in the relative fractional con
tlibution of diet Pb to total daily Pb intakes. For example, Bolger et al. 
(1991) estimated that the percentage contlibution to total Pb intake in 2 year 
olds attlibutable to their diet declined from 47% in 1986 to 16% in 1990. 
This threefold decline occurred with major declines in leaded gasoline and 
lead-seamed food can use but relatively little decline in other major Pb path
ways for children, e.g., soil Pb. 
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alted Direct Daily and Indirect Total Water Intakes by 

for the U.S. Populationa-d 

Daily Water Intake (ml!day) 

90th Percentile 95th Percentile 

2,016 

591 

343 

2,341 

from USDA CSF/1 (7998) and U.S. EPA, 2008. 
='water consumed directly; indirect intakes= water used in food preparation. 

, noncomewt•'" days of reporting, N = 7 5,303. 

Human Intakes of Drinking Water Lead 

and other surveys of drinking water consumption rates differ 
depending on what subdivisions of total fluid volume intakes 

in the various totals being reported. Some deal solely with daily 
intake volumes while others include water quantities consumed 
volumes used in daily food preparation. Still other surveys 

water or water volumes used for beverages as well as tap 
or include just community water sources in the intake tallies. 

tabulations presented in this section note that these qualifications 

volumes differ across age and gender in human populations, 
such as climate, physical exertion, and body mass. It should 

,nonel:heless, that it is the variability of Pb content that is the larger 
:.ccmu·ibttting to both variability and uncertainty compared to quan

drunk daily. For example, levels of Pb in drinking water, espe-
with lead-soldered plumbing or lead service lines, can vary 

of magnitude or even more, while the range of imbibed water 
be considerably less. 

7.13 tabulates estimates of total (direct and indirect) water intakes 
of water source for all ages in the U.S. population as provided 

done by the U.S. EPA (2008) and the USDA CSFII (1998) survey 
The daily intake mean volumes for community, bottled water, 

and unknown sources are 927, 161, 128, and 16 ml, respec
~mduc:ing a total of 1,232 ml. The corresponding 90th and 95th 
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TABLE 7.14 Estimated Daily Direct and Indirect Community Water 
Intakes by Children's Age Categorya-e 

Age Band (years) Sample N Mean 90th Percentile 

Intake (mi!day) 

0.5-0.9 160 412 884 1,101 
1-3 1,834 313 691 942 
4-6 1,203 420 917 1,165 
7-10 943 453 978 1,219 
15-19 825 760 1,610 2,062 
Intake (ml/kg-day) 

0.5-0.9 153 45 103 122 
1-3 1,752 23 51 67 
4-6 1,103 21 44 64 
7-10 879 15 32 39 
15-19 816 12 25 32 

"Adapted from U.S. EPA (2008) and data from USOA-CSF/1 (1998). 
bDirect intakes~ water consumed directfy from the tap; indirect intakes= water used in food 
preparation. 
cBased on two nonconsecutive days of sampling. 
dSample size varies with age band. 
eReported as total daily intake/person or daily intake per kg body weight. 

percentile values are 2,016 and 2,544 ml for community water and 591 and 
1,036 ml for bottled water. The table shows that community water supplies, 
provided in large measure by public water treatment facilities, constitute the 
main source of the typical U.S. resident having public supply access. In 
terms of mean allocation of water volume intakes as a function of water 
sources, community supplies comprise about 75% of total water daily intake. 
For the 95th percentile of source-based water intakes, the corresponding 
figure is 87%. 

Table 7.14 presents daily water intake estimates as a function of age 
within the childhood group, calculated both as total volumes per day and as 
a function of body weight. The source of water in these estimates is the com· 
munity water system in the survey communities. Five age bands for children, 
along with their respective daily water intake volumes, are given in terms of 
total daily intakes or daily intakes on the basis of body weight. Total water 
intakes are highest in children of 15-19 years of age, 760 ml, and least for 
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Lead Exposure in Human Populations: Lead lntakes 

Water Daily Intake Rates for Women of Childbearing Age 

90th Percentile 95th Percentile 

1,983 2,310 

2,191 2,424 

1,945 2,191 

19.1 33.1 39.1 

18.3 34.5 39.6 

21 .4 35.1 37.4 

U.S. EPA (2008). 

fraction of daily fluid intake: control, 57.2%; pregnant 54. 1 %; lactating, 57.0%. 

years of age. However, on the basis of body weight, the values 

reversed. Similar relative raukings were fouud at the 90th and 

15 presents water volume intakes among women of childbearing 

women, and those who are lactating. Such intake estimates 

:a Jue<Iswre of potential lead exposure risks to the fetus and the new

the concentrations of Pb in these water sources are known. In 

total water daily conswmption, the volumes are similar in all three 

for mean (1,157-1,310 ml/day) or higher percentile consumption 

figure for daily drinking water Pb intake reported from the 

Food!UNE:P program by Galal-Gorchev (1991) is 40 f1glday. This 

is based on an international consumption volume across age groups, 

nationalities of 2,000 ml aud a global average water concentra

f1g/ml or 20 f1g Pb/1 water. Daily tap water Pb consumption rates 

with time in U.S. populations of varying age. For the early 

to controls on lead content of plumbing materials and plumbing 

(banning use of 50-50 lead-tin solder), total water Pb intakes 

ages were 2.1 f1g/day, 2-year-olds; 3.2 and 2.5 f1g/day, 14- to 

males and females, respectively; 3.6 and 3.0 f1g/day, 25- to 

males and females, respectively; 4.2 aud 3.9 f1g/day, 60- to 65-

males aud females, respectively. 

of daily water Pb intakes cau be readily calculated for more 

with data for water Pb levels for typical communities (U.S. 
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EPA, 2006) in combination with daily consumption volumes recorded . 
tables presented in this chapter (Table 7.14). Table 7.16 tabulates estimat'~ 
daily water Pb intakes for indicated comn:unities and residents of differee 
ages in those communities. The c~tie.s indicated in the. table were recorde~ 
with exceedances of the current drmlung water lead actwn level at the tap ~ 
level of 15 f'g/1 at the 90th percentile of distributions in survey results io'' 
these communities. These cities, therefore, represent more of a worst cas~ 
scenario for U.S. urban community water supplies. 

Table 7.16 presents data for two tap water surveys, in 1993 and some . 
more recent survey results over the years 2001-2003 depending on the indi
vidual city. Older children 15-19 years old show the highest tap water lead 
intakes for both the 1993 and the more recent surveys, since they consume 
the highest volume of tap water among the given childhood age bands 
(0.76 1). Of the city tap water Pb levels recorded for 1993, Philadelphia, PA, 
had the highest intakes across the board, and was the highest among the 
18 cities surveyed with action level exceedances. In Philadelphia, children of 
15-19 years old experienced significant potential lead exposures from tap 
water, depending on household practices such as flushing or not flushing 
standing water from household plumbing. By contrast, during 2001-2003 
this city's tap water Pb values were significantly lower and, consequently, 
children residing in this community had relatively lower intakes. 

The tap water intakes for those 18 cities with action level exceedances 
for 2001-2003 were, overall, considerably below what they were in 1991. 
These reductions reflected a variety of water treatment and other reduction 
strategies implemented post-1993. Nonetheless, some communities, such as 
Washington, DC, still have the potential for tap water Pb exposures. 

7.2,4 Daily Human Intakes of Soil lead 

Soil Pb intakes by segments of various populations can pose significant 
potential risks of exposures. However, the nature of soil Pb exposures are 
such that they present higher risks to sensitive groups such as young children 
than they do for adults. The reason for this is simply that the young child 
orally explores his/her physical environment and typically engages in various 
hand-to-mouth activities that include ingestion of varying amounts of soil. 
Older literature labeled all such normal hand-to-mouth activity as a "pica' 
behavior but that label is now reserved for "excessive" ingestion of nonfood 
materials. However, no clear clinical definition of, or criteria for, this behav
ior exists. Some literature has defined the behavior in statistical terms, e.g., 
some upper percentile of a distribution of observed daily ingestion rates 
within some study population. For discussing the broad topic of soil inges
tion through normal child activity, it is probably best to dispense with the 
term and confine it to extreme intakes, e.g., gram quantities. 
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TABLE 7.16 Estimated Mean Daily Tap Water Pb Intakes for Children in the Indicated U.S. Communities for the Indicated Time Periods and Child Agesa~d-(cont.) 

Period 

1993 2001-2003 
0.5-0.9 1-3 4-6 7-10 15-19 

Community Years Years Years Years Years 

Richmond, VA 7 5 7 7 12 
St. Paul, MN 22 17 23 24 41 
Syracuse, NY 21 16 21 23 38 
Tacoma, WA 13 10 13 14 24 
Yonkers, NY 28 21 29 31 52 
Washington, DC 7 6 8 8 14 

dCommunities noted in U.S. EPA (2006: Table 3.11) as exceeding EPA Ph action levels. b90th percentile Ph levels (!lg/1) for 7993 and most recent monitoring periods: 2001-2003. 

0.5-0.9 1-3 
Years Years 

2 1 

0 () 

10 8 

5 4 

7 6 

26 20 

cvolumes of water consumed at different ages by children as given in Table 7. 73. Excludes hntlled water and minor categories. dMethods for tap water testing referenced in U.S. EPA (2006). 

4-6 
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11 

5 

8 

26 

7-10 15-19 
Years Years 

2 3 

0 

11 19 

5 9 

8 14 

28 48 

@ 

r 
ro 
~ 
o_ 
~ 
~ 
o_ ., 
c 
~ 
Fi" 



t.r; co co 
N 

Lead Exposure in Human Populations: Lead Intakes 

ranwte•rs determine daily soil Pb intake, much the same way they 

environmental media. They are the soil Pb concentration and 

of soil ingested. Daily ingested amounts of soils vary in 

the range of variation is dwarfed by the huge range of soil Pb 

the children may encounter. The latter reflect all of the con

<hi:;tm:ies of specific soils encountered by children, including path

cmrtrunirmtion such as atmospheric Pb fallout onto yard soils, 

or chalking of exterior lead paints onto adjacent soils, and Ph-

runoff onto adjacent soils. While ingested amounts across 

from early childhood through adulthood will typically lie within 

magnitude, 20-200 mg, Pb concentrations can range from back

levels in the range of 20-50 ppm or so to seriously 

soils having lead content at percentage levels. 

of soil Pb exposures in human Pb toxicity is of more concern 

children and has prompted various studies of daily ingestion rates 

tontadning Pb or other contaminants. Ethical considerations preclude 

E'b-'lac<:d soils to children so typical methods in the relevant literature 

adult healthy volunteers or doing excretion studies for soil Pb 

play activities. Both these approaches require elemental 

are ingested by children along with various soils but are 

have virtually no absorption themselves. Typical studies among 

•pwach<os are by Binder et aL (1986), Calabrese and Stanek (1995), 

et aL (1989), Calabrese et al. (1991), Calabrese et al. (1997), 

al. (1987), Davis et al. (1990), Stanek and Calabrese (1995a,b), 

iWiim:n et aL (1990). 
7.17 provides summary information derived from the above 

that the range of intake amounts of soil not only varies across 

reports but also within studies for different tracers used to 

intake-excretion balances. Mean daily ingestion values across stud

alone ranged from 66 to 271 mg/day, with the upper percentiles 

1,000 mg/day. Stanek and Calabrese (1995a,b) saw variation with 

daily ingestion rates by children in the studies showing a range of 

mg/day based on four different geochemical tracers. Some of the 

those of Calabrese et aL (1989), Calabrese et aL (1997), and 

at (1990), reported intake data for dust and soil combined. 

studies cited above typically reported intakes over limited single 

time, leaving open the question of stability of the results. Stanek 

:ilal>re:;e (1995a) extended the utility of these studies by carrying out 

distributions of individual mean daily soil intake rates projected 

The median value for this estimating exercise was 75 mg/day, 

90th and 95th percentiles of daily ingestion were 1,190 and 

respectively. The range was 1-2,268 mg/day. 

of daily soil ingestion actually precisely differentiated soil 

interior or exterior dusts. Children ingest dusts in sufficient 



TABLE 7.17 Soil Lead Intake Rates for Children Reported in Indicated Tracer Studiesa-c 

Mean 

AI Si AIRd n y AI 

181 184 584 

230 129 

39 82 246 

65e 160c 268 

153 154 218 85 223 

154° 483€ 170€ 65" 478c 

122 139 271 165 254 

133f 217f 

69-120 
---
66f 280f 

196€ 994c 

~Adapted from U.S. EPA (2008) and data contained in 1he indicated sludics. 
b"Upper percentile'/ as indicated in the included studies. 
cMcans and upper percentiles= soil or soil and dust combined. 
"Acid-insoluble residue. 
eoust+soil combined. 
r Best tracer method. 

Upper Percentile (mg/day} 

Si n 
578 

276 1,432 

653c 1,059c 

224 279 
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Estimated Daily Intakes of Dust (mg/day) by Young 

Median (50th 

Percentile) 

-6 

,o,r"''"h'"' eta!. (1997). 

90th 

Percentile 

209 

356 

95th 

Percentile Mean 

353 17 

614 

410 83 

Elements" method for 64 children in Anaconda, MT. 

4, best tracer1 and 2nd best tracer. 

Maximum 

684 

1,499 

1,685 

especially interior dusts, that this pathway is considered a major 

Pb exposure (Lanphear et al., 1998). Calabrese et al. (1997) 

dust ingestion rates in young children using a combination of 

noted as "Best Tracer Method." Results are presented in 

The median daily dust ingestion rate using "best tracer" was 
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